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GENERAL INTRODUCTION 
In the world of pari-mutuel dog racing, it has always been of prime interest to 
improve upon the performance of the animals involved. This can occur through 
implementing special diet and muscle training regimes. It can also happen with the aid of 
drugs or substances not normally used for nutritional purposes. This process, referred to as 
"doping", is not allowed in areas such as the racing industry because the animal athletes will 
then be competing in an unnatural or abnormal state (Tobin, 1981). In order to retain 
equality among the participants and have them compete based upon natural ability, the use of 
doping agents is deterred by requiring drug screening of all animals involved. This involves 
the analysis of body fluids such as blood plasma and urine for drugs using analytical methods 
such as solid phase or liquid-liquid extraction, thin layer chromatography, liquid 
chromatography/UV spectrometry, or gas chromatography/mass spectrometry (Tobin, 1981). 
There are many performance enhancing drugs available today, and more are being 
developed. Some of these are not normally present in the bodies of the racing animals (i.e. 
humans, horses, dogs). These drugs are considered "exogenous" or unnatural and they only 
appear in the body fluids as a result of external application. The drugs or their metabolites 
can be analyzed for using a simple positive/negative scale. If they are found to be present in 
a sample, the sample is designated "positive". If not, the sample is "negative". Other drugs 
may already be naturally present in an animal's body fluids. A compound of this sort is 
"endogenous" and is usually maintained at relatively predictable levels. Sometimes, 
exogenous addition of these same compounds may lead to an improved racing performance, 
therefore requiring a quantitative analysis to determine if the natural or normal level has been 
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exceeded to constitute proof of exogenous administration. To do so, a baseline normal level 
of the drug must first be established. Concentrations found to lie above this level could then 
be considered a result of exogenous drug use, and the sample reported as positive. 
Currently, drug analysis involves many intricate techniques along with complex 
instrumentation. This analysis can be carried out on blood, plasma, saliva, and urine. Urine 
samples are the most popular simply due to the lack of intrusive collection methods, as well 
as the often greater sample volume to work with. Also, urine provides a "memory" of recent 
drug exposure that blood and saliva do not provide. Drugs no longer circulating in the body 
in blood or detectable in saliva will be detectable in urine for many additional hours (Tobin, 
1981). 
This thesis is presented in two parts. The primary goal of the first portion of this 
research was to determine an optimal analytical method for dimethyl sulfoxide (DMSO) and 
to observe endogenous levels of DMSO in the urine of racing greyhounds. Data from the 
DMSO study was to be used to present population normal levels of this drug. 
The second portion of this research focused on quantitating the urinary cortisol 
content in the racing greyhound. Data from this cortisol study was to be used to compare and 
contrast two methods of quantitative analysis--liquid chromatography/mass spectrometry and 
fluorescence polarization immunoassay--and to form a base for future work. 
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SECTION 1. DIMETHYL SULFOXIDE 
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INTRODUCTION 
Dimethyl Sulfoxide is an analgesic anti-inflammatory drug used to reduce pain and 
discomfort in dogs and horses involved in the pari-mutuel racing community. It is also an 
endogenous component of many vertebrates, dogs and horses included. 
In order to prevent the use ofDMSO as the means to an unnatural racing condition in 
these animals, its presence can be detected in urine. In order to label a sample as positive for 
DMSO use, however, there must be a distinction made between the normal endogenous level 
of this compound and levels due to exogenous administration of DMSO to the body. 
The goal of this research was to gain a better understanding of the natural level of 
DMSO in the urine of the racing greyhound population. This could then be used to 
distinguish between endogenous and exogenous levels of the drug in urine. The first 
objective of this study dealt with examining three very different methods for separating 
DMSO from a urine matrix prior to detection and quantitation. The three methods examined 
were headspace analysis, solid phase microextraction, and liquid-liquid salt-out extraction. 
The method deemed most suitable was then used in the analysis of representative samples 
from three different racing greyhound populations in order to calculate a rough value of the 
mean endogenous DMSO levels. These values were then statistically examined and 
compared to values taken from undosed lab research animals and those administered a 
relatively insignificant dose of DMSO in order to present a population normal level that 
would distinguish between dogs with naturally high DMSO levels, and those given DMSO 
exogenously to improve racing performance. 
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LITERATURE REVIEW 
History and Orii:in 
Dimethyl sulfoxide (DMSO) was first discovered in 1866/1867 as the air oxidation 
product of dimethyl sulfide in the presence of nitrogen oxides. By the early 1950s, lignin, a 
by-product of the wood pulp industry, was used to prepare the dimethyl sulfide (OMS) 
needed to produce DMSO (Knowles, 1967; Martin and Hauthal, 1975). Methanol and a 
divalent sulfur source can also be used to make OMS, which is then oxidized with air and 
other catalysts (Jacob, 1982). DMSO can be produced from coal and petroleum as well 
(Brayton, 1986; Brown, 1982). 
Dimethyl sulfoxide is not solely a man-made drug. Trace quantities are found in all 
marine plants and in the surface waters of oceans, lakes, and rivers (Ivey and Haddad, 1987; 
Wong and Reinertson, 1984). Marine algae release dimethyl sulfide (OMS) into the air 
where, upon reaching the ozone layer, it is oxidized to DMSO. Rain from these marine air 
masses transfers the DMSO to land (Andreae, 1980a, 1980b; Wong and Reinertson, 1984). 
Com, malt, barley, asparagus, fruit, and cow's milk all contain DMSO. It can also be found 
in spearmint oil, nonfat dairy milk, and other beverages (Brayton, 1986; Peterson et al., 
1986). Its precursor, OMS, is known to cause the natural odor of many foods (Pearson et al., 
1981 ). DMSO is present in the urine of rabbits, dogs, horses, cows, and humans. In the 
horse, the DMSO originates for the most part from its diet (e.g. Lucerne hay contains 10-32 
ppm DMSO) (Law et al., 1991). In fact, traces ofDMSO and its metabolites (dimethyl 
sulfide and dimethyl sulfone) occur normally in most vertebrate foods, and it is thought that 
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low levels of dimethyl sulfone (DMS02) may be necessary for mammals to maintain normal 
health, structure, and function (Brayton, 1986). 
Properties 
General Properties 
Pure DMSO is a colorless to yellow, almost odorless (some report a sulfur-like smell) 
organic liquid that has a slightly bitter taste with a sweet after-taste (Davis, 1984; Merck 
Index, 1996; Willson et al., 1965). The molecular formula of DMSO is C2H60S, and in a 
polarized form, its atoms take the shape of a tetrahedron (Figure 1). It has a molecular 
Figure 1. Dimethyl sulfoxide (DMSO) 
weight of 78.13, a boiling point of 189°C, and a freezing point of 18.45°C (Merck Index, 
1996). DMSO is a dipolar, aprotic, and extremely hygroscopic solvent (Kharasch and 
Thyagarajan, 1975; Rammler and Zaffaroni, 1967; Wong and Reinertson, 1984). It displays 
a stable, ordered structure, is non-volatile, and due to its high dielectric constant, it can orient 
itself in a magnetic field (Wong and Reinertson, 1984). DMSO is completely miscible with 
water as well as with many organic solvents (i.e. glycerol, acetone, ethanol, ether, benzene, 
chloroform) (Merck Index, 1996). When mixed with water, an exothermic reaction takes 
place and heat is given off (Brayton, 1986). DMSO forms stronger hydrogen bonds with 
water than water normally forms with itself (about 11/ 3 times stronger) (Jacob, 1982; 
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Kharasch and Thyragarjan, 1975). Its high intramolecular affinity allows DMSO to complex 
with nearly every molecular species in the mammalian body (i.e. components of tissue, 
blood, plasma, spinal fluid, proteins, carbohydrates, fats, nucleic acids, and metal cations) 
(Wong and Reinertson, 1984). The two primary metabolites ofDMSO are DMS (when 
acting as an oxidant) and DMS02 (when acting as a reducing agent) (Rucker et al., 1966; 
Kharasch and Thyragarjan, 1975). 
Penetration 
Dimethyl sulfoxide has been noted for its numerous solvent properties. Many of 
these are due in part to its ability to penetrate biological membranes quickly and harmlessly 
by exchanging itself for water. In skin, this causes a reversible, configurational change of the 
skin proteins (Wong and Reinertson, 1984). When presented topically, DMSO readily 
penetrates the skin--within five minutes it can be detected in the blood and observed via 
garlic halitosis; within twenty minutes it can be found in all major organs of the body; within 
one hour it can be found in the bones and teeth (Brayton, 1986). It can pass through mucous 
membranes, the blood brain barrier, cell and organelle membranes, and microbial membranes 
without irreversible damage (Brayton, 1986). It can transport non-ionized, low molecular 
weight molecules through the skin, but was unable to do so with allergens of molecular 
weight greater than 3000. In fact, the major value of DMSO may be its ability to transport 
therapeutic agents quickly and efficiently. This is useful in treating severe herpes zoster 
simplex lesions, in rapid staining acid-fast bacteria in smears and sections of tissue, as a 
vehicle for fungicidal and fungistatic agents, and as a vehicle in cancer chemotherapy (Jacob 
et al., 1965; Wood and Wood, 1975). 
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Analgesia 
The analgesic ability of DMSO is also well documented. After being absorbed 
through the skin, it concentrates at the site of inflammation and reduces the pain, possibly by 
depressing the conduction of afferent nerve impulses from the inflamed area (Jacob et al., 
1965). This decrease in nerve conduction can act on both the peripheral and central nervous 
systems. Alone, DMSO has this effect, yet it also has the ability to potentiate the effects of 
other anesthetics. Its influence is comparable to morphine, but lasting longer (Wong and 
Reinertson, 1984). For these reasons, DMSO is used to relieve pain caused by acute and 
chronic musculoskeletal disorders (Brayton, 1986). 
Anti-inflammatory Action 
Besides its analgesic effects, the anti-inflammatory action of DMSO provides another 
reason for its use in the racing industry. It supplies relief in many acute injuries, including 
musculoskeletal injuries, traumatic and inflammatory disorders of the central nervous system, 
severe pain or swelling following surgery, and with infected or septic conditions (Brayton, 
1986). It helps in the anti-inflammation of edema and dermatitis, as well as in treating ulcers 
and wounds such as snake bites (Wong and Reinertson, 1984). Its effects on more chronic 
inflammatory conditions, such as rheumatic diseases, chronic arthritis, and interstitial cystitis 
have met with minor success. The primary reason for this inflammatory protection seems to 
lie in DMSO's radical scavenging ability and its effects on immune response (Brayton, 1986). 
Relatively high doses are required in comparison to other anti-inflammatory agents (Jacob et 
al. , 1965). 
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Radical Scavenging 
The radical scavenging ability mentioned above is the reason for a large part of the 
research done on DMSO since the early days of its discovery. This free radical scavenging 
protects against radiation. Topical application given five minutes prior to experimentation 
protects mice from a lethal dose of radiation. It also protects cells, tissues, and organs from 
ischemic injury (Brayton, 1986). The beneficial effects of DMSO in spinal chord injuries 
(monkeys, dogs, and rats), in acute cerebral edema (dogs and monkeys), and in reducing 
intracranial pressure in humans following the failure of other treatments is attributed to these 
scavenging actions (Davis, 1984). Perhaps the largest use for this ability lies in the field of 
cryopreservation. The incorporation of DMSO into and its disruption of the water crystalline 
lattice gives it an edge over other cryopreservants, such as glycerol. DMSO has been used as 
a cryopreservant of sperm, embryos, platelets, blood components, tumor cells, and tissue 
culture cells (Brayton, 1986). 
Potentiation 
The potentiating ability of DMSO was referred to briefly above in relation to 
anesthetics. This same action is seen when in combination with other compounds as well. 
DMSO increases the effects of normal antibiotics on fairly resistant strains of bacteria. It 
potentiates the actions of anti-fungal agents, as well as those of insulin, and can exert a 
synergistic effect when combined with steroids (Davis, 1984; Jacob et al., 1965; Wood and 
Wood, 1975). The effects of toxins are also enhanced when administered together with 
DMSO. 
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Vasodilation 
DMSO possesses potent histamine-liberating properties that lead to increased blood 
flow, thus improving circulation in localized areas (Wood and Wood, 1975). This 
vasodilation can increase cortical and spinal blood flow, reducing edema due to acute cranial 
and spinal cord trauma (Wong and Reinertson, 1984). The added ability of DMSO to 
stabilize membranes, dilate arterial vessels, increase the blood level of PGI2, induce the 
incorporation of oxygen into tissues, and to avoid thrombocyte aggregation allow it to be 
used in the treatment of intestinal, renal, and cerebral ischemia (Kharasch and Thyagarajan, 
1975; Wong and Reinertson, 1984). 
Other Properties 
Other uses for DMSO are found in the treatment of scleroderma patients by collagen 
dissolution (Jacob et al., 1965; Wood and Wood, 1975). It causes a decrease in the collagen 
components (Kharasch and Thyagarajan, 1975). DMSO is also a voluntary muscle relaxant 
(Jacob et al., 1965). It inhibits the effects of certain enzymes including alcohol 
dehydrogenase and acetylcholinesterase (4% DMSO inhibits 45% cholinesterase activity). 
The use ofDMSO leads to an increase in urine volume along with an increase in sodium and 
potassium excretion (Wood and Wood, 1975). In addition to these actions, DMSO has a 
rather potent bacteriostatic effect as well. It inhibits growth of a wide range of bacteria, 
fungi, and RNA and DNA viruses. A possible explanation for this is the production of 
methylmethane thiosufonate from DMSO, along with the loss of the RNA conformational 
structure required for protein synthesis (Jacob et al., 1965; Wong and Reinertson, 1984). 
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Toxicity and Administration 
Experiments focusing on the toxicity of DMSO have shown it to have a low order of 
toxicity in lab animals (Jacob et al., 1965). This toxicity is measured in grams per kilogram 
as compared to milligrams per kilogram, the normal units for most other drugs (Wood and 
Wood, 1975). This is not to say that DMSO does not have any undesirable side effects. 
Topical administration is the least toxic route of exposure (Wood and Wood, 1975). 
David (1972) found LD50s for the following animals given single doses ofDMSO: mice--
<50g/kg; rats-- <40g/kg; dogs-- > 11 g/kg; monkeys-- > 11 g/kg. Davis ( 1984) found that 
myopic conditions resulted after applying 4g/kg a day for ninety days to young rabbits, and 
also after applying 4.5g/kg twice a day for ninety days to young swine. Doses of 1 g/kg a day 
applied to the backs of dogs five days a week for eighteen months lead to no major 
abnormalities. Doses of 3.3-33g/kg ofDMSO a week also resulted in no detectable 
abnormalities (David, 1972). Mild scaling and drying of the skin due to DMSO's 
hygroscopic effects are commonly noted, as is a garlic-like odor to the breath (Jacob et al., 
1965). In the horse, topical application may cause erythema and a burning sensation. In 
humans, dermal application of 70-90% DMSO can lead to stinging and burning, followed by 
mild erythema and itching lasting about an hour. These symptoms lessen with continued 
application (David, 1972). Drowsiness may occur, along with diarrhea, headache, nausea, 
sedation, dizziness, edema, pruritus, or eosinophilic effects (due to DMSO's histamine 
releasing capability), all of which usually lessen with continued application (Davis, 1984). 
There is also the possibility of an allergic reaction (Jacob et al. 1965). No remarkable 
changes were noted in hematology, blood chemistry, or urinalysis following DMSO 
application. Lenticular changes did not occur in monkey or human tests (David, 1972). 
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Application of urea-modified DMSO decreases the garlic odor and cutaneous irritation and 
dryness (Wong and Reinertson, 1984). 
Other common methods of administration include oral, intravenous (IV), and 
intraperitoneal routes. The LD50 for a single oral dose in mice, rats, cats, and chickens ranges 
from 12.5-28.3g/kg. A myopic condition occurs in young dogs following oral exposure to 
5g/kg a day for nine weeks. This is the primary reason the FDA banned testing of DMSO in 
1965. Repeated administration of 5- l 2g/kg a day orally or intraperitoneally to rats and mice 
early in gestation led to teratogenic effects (Davis 1984). 
Intravenous LDsos are lower than the oral LD50s. The IV values correspond to 3 .2-9 .2 
g/kg in rats and mice, 19 .2 g/kg in rabbits, 4 g/kg in cats, 2.4 g/kg in dogs, and > 11 g/kg in 
monkeys. In humans, if concentrations greater than 50% DMSO are used, blood vessels are 
subject to internal damage, perivascular inflammation, intravascular thrombi, severe 
hemolysis, and an increase in white blood cell adherence and fibrinogen precipitation. This 
damage is directly proportional to the concentration of DMSO administered and the number 
ofrepeated injections. The toxicity is accentuated with anesthesia (Davis, 1984). A 
therapeutic IV dose of 1 g/kg in 10-45% solution given slowly is recommended for humans, 
cats, dogs, and horses. Rapid administration could induce seizures. Concentrations greater 
than 25% block normal nerve conduction. Intravenous administration also slows and/or 
reduces platelet aggregation. Signs of renal damage have occurred in mice, rats, cats, and 
dogs following intravenous administration (Brayton, 1986). Injections into chick embryos, 
mice fetuses, and hamsters led to teratogenic effects in the offspring (Davis, 1984). Still, the 
toxicity of DMSO is minimal when clinically normal doses and concentrations are used. Its 
greatest potential for harm occurs when combined with other toxic compounds. 
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Metabolism 
DMSO forms two primary metabolites in the body--dimethyl sulfone (DMS02) and 
dimethyl sulfide (DMS). The kidney and lung are employed as the major excretory organs, 
eliminating a small portion of the DMSO in the feces while the majority is eliminated in the 
urine (Tiews et al., 1975). A very small fraction(3-6%) is eliminated as DMS through 
exhalation (David, 1972). This gives the distinctive garlic odor noted soon after DMSO 
application. 
The therapeutic effects of this compound are relatively short due to its quick 
movement into as well as out of the body. Yet, it has been indicated through studies with rats 
that a large portion of DMSO is re-absorbed through enterohepatic circulation. The maximal 
blood concentration of DMSO following cutaneous application was reached in two hours 
(David, 1972). In both rats and rabbits, 50% of the dose (rats--cutaneous, rabbits--oral) was 
found in the urine after eight hours, 75% after 24 hours, 80% after 48 hours, and over 90% 
after 10 days. Following application to the skin of dogs, 12-25% was found in the urine after 
24 hours and 37-48% was detected after seven days (Kolb et al., 1967). In both calves and 
cows, DMSO peaked in the urine within 6-12 hours, then disappeared after 28 hours (Tiews 
et al., 1975). In man, DMSO could not be detected after 5 days following percutaneous 
application (Kocsis et al., 1975). Following intravenous injection into rats, over 50% of the 
dose was found in the urine after six hours and 80% after 24 hours (Kolb et al., 1967). 
The administration ofDMSO leads to the excretion of DMSO and DMS02 in the 
urine, and DMS in the breath. Unaltered DMSO is the most prevalent of the three in tissues, 
blood, feces, and urine (Williams et al., 1966). The administration ofDMS has the same 
14 
results as DMSO, as it can revert back to DMSO. Dosing with DMS02 leads only to DMS02 
in the urine, and halitosis, itching, and drying of the skin does not occur (Williams et al., 
1966). In cows, DMS02 was found to peak in the urine 6-12 hours after intramamrnary 
injection of DMSO, while in calves, this occurred 30-40 hours after subcutaneous injection 
ofDMSO. Levels of DMS02 returned to normal (6-8 mg/L) after 3-5 days in the cows and 7 
days in the calves. Dimethyl sulfone is always present in the urine of cattle (as well as in the 
blood and adrenal glands). Both DMSO and DMS02 are found normally in cow milk and 
DMS02 is found in primitive plants as well (Tiews et al., 1975). In fact, DMS02 is found in 
all living organisms. In rats, 24 hours after application ofDMS02 , 80% was found in the 
urine following IV administration, 65-75% was found after topical application, and 52% was 
found after intraperitoneal administration. In dogs, both oral and IV application yielded 50% 
in the urine after 36 hours (David, 1972). DMSO and its metabolites each reduce motor 
activity in mice following intraperitoneal injection, and they lower body temperatures in rats. 
Of the three, DMS seems to have the narrowest spectrum of activity overall (Kocsis et al., 
1975). 
Following the discovery that DMS02 supplied much the same effects as DMSO 
without the annoying dryness or halitosis, it began to receive considerable attention. DMSO 
is quick to enter the body and quick to leave, yet its effects were found to last longer than 
would be expected. The credit for this was given to DMS02 . It shares many of the wonder-
drug qualities of DMSO--softens skin, provides relief to scleroderma patients, has anti-
inflamrnatory effects, alleviates allergies, increases circulation, provides arthritic relief, 
reduces chronic lower back pain, and alleviates the symptoms of emphysema. In horses, it 
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ameliorates epiphysitis and arthritis, relieves lameness, clears up lung problems and gastric 
ulcers in young foals and improves neurological symptoms caused by the herpes virus, as 
well as reducing inflammation and improving circulation. It also kills internal equine 
parasites and, when given regularly, it leads to rapid hoof growth and a glossier hair coat 
(Sellnow, 1987). 
Dimethyl sulfone has a vitamin-like influence on body functions, and low 
endogenous concentrations are associated with adverse stress, fatigue, and susceptibility to 
disease. Due to its inert nature, it shows no adverse effects and is classified as non-
allergenic, non-pyretic, with no undesirable pharmacological effects. It is in the same 
toxicity range as water or glycerin. In man, it can persist for as long as three weeks after 
percutaneous administration and one week after IV administration. DMS02 is marketed 
under the name MSM (methyl sulfonyl methane) primarily through veterinarians. This 
product looks and feels like cane sugar, but it is nearly tasteless. DMS02 is the primary 
source of bioavailable sulfur, but due to its fragile nature, most animals (humans included) 
are sulfur deficient. The richest source of DMS02 is mother's milk (Sellnow, 1987). 
Analysis 
The extraction, screening, identification, and quantitative analysis of DMSO is an 
important part of this study. Normal urinary endogenous levels of DMSO in the greyhound 
have been found to range from 50-2400 ppb (Wei, 1994). 
Extraction of DMSO from urine is a very important task, in that it separates the 
DMSO from the many proteins and other components of urine which would otherwise make 
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it impossible to analyze via gas chromatography (GC). It reduces a "dirty" sample, made up 
of a number of constituents, to a "clean" sample, one containing primarily the analyte in 
question. Three commonly used methods for extraction of DMSO from an aqueous matrix 
include solid phase extraction, liquid-liquid extraction, and sample purging. All three are 
useful and can be applied in different contexts. The preliminary portion of this study 
involved finding the best method suited to separating DMSO from dog urine. 
Solid Phase Extraction 
Solid phase extraction is based upon the interaction between the sample matrix, the 
analyte, and an adsorbent packing material. In this case, it would involve passing a urine 
sample through a solid sorbent packed within a column or syringe. The physical properties 
of the column packing material chosen would be similar to those of the analyte of interest 
(moreso than those of the sample matrix). In "like dissolves like" fashion, this material 
would absorb the analyte and allow the rest of the sample matrix to pass through. At this 
point, the analyte will remain on the column while other solvents may be used to wash the 
adsorbent material of excess matrix residue. The analyte will then elute through the column 
with the addition of a solvent that has a high affinity for it (possibly following a change in pH 
as well) (Figure 2). There are many alternatives and adaptations to this basic scenario. For 
example, exhaustive extraction could be performed by filtering the sample three or more 
times, each time replacing the solid sorbent with new material. The eluate could then be 
dried down to a volume and concentration able to be observed by the detector (Supelco, 
1998). This procedure may be found less appealing than liquid-liquid extraction for DMSO 
removal, but recently there has been a new application of this technique--solid phase 
microextraction (SPME). This technique uses a fused-silica fiber coated with the solid phase 
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Figure 2. Solid phase extraction procedure (Supelco, 1998) in which the analyte of 
interest is separated from the urine matrix by passing the sample through a 
solid sorbent material. 
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adsorbent (Figure 3A). As with normal solid phase extraction, this adsorbent can be a 
number of different materials depending on which is best suited to attract the analyte of 
interest. Table 1 shows a few possibilities. 
The fiber is inserted into the sample or its headspace for a certain amount of time in 
which it adsorbs the analyte of interest (Figure 3B). Exhaustive extraction can be attained by 
adding salt to the sample, heating it while the fiber is kept cold, constant agitation via a stir 
bar or sonicator, and the use of a derivatizing agent. Once the analyte has been absorbed, the 
fiber can then be placed directly into the injector port of a gas chromatograph for analysis. 
The use of organic solvents and drying down the sample are eliminated, allowing for less 
chances oflosing the analyte and better recovery overall (Zhang et al., 1994). 
Liquid-liquid Salt-out Extraction 
Liquid-liquid extraction is the tried and true method for DMSO recovery from urine 
samples (Law et al, 1990; Wei, 1992). Often, it involves adding an inorganic salt, such as 
sodium chloride or potassium pyrophosphate to the sample in order to overcome the strong 
tendencies of the DMSO to remain in the aqueous phase (due to its high polarity and aprotic 
Table 1. Solid Phase Microextraction Fiber Types 
Fiber types 
Non-polar 
Polydimethylsiloxane(PDMS) 
Polar 
Polyacrylate 
Carbowax-divinyl benzene 
Bi-polar 
PDMS-divinylbenzene 
Carboxen-PDMS 
Examples of compounds detected 
atrazine, naphthalene, toluene 
phenols 
surfactants such as Triton X-100 
carbofuran, carbaryl 
methanol, carbon disulfide, DMS 
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Figure 3. Solid phase microextraction (SPME) 
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nature). An organic solvent, such as dichloromethane, can then be added to the mixture of 
sample and salt, allowing the DMSO to move out of the aqueous phase and into the organic 
phase. Exhaustive extraction can be obtained by repeating the organic phase extraction two 
or three times with new solvent and then combining the extracts prior to concentrating them 
by evaporation (Figure 4). This method is fairly inexpensive, not very time consuming, and 
relatively efficient (using water spikes of 5 ppm DMSO, recoveries ranged from 40-84%). 
As specified with both solid phase extraction and liquid-liquid techniques, the organic 
phase is concentrated by evaporation to a volume and concentration able to be observed by 
the detector. This is an extremely important step which involves much patience and 
precision. Nitrogen is most often used to concentrate the sample, often to volumes less than 
1 mL. As the volume decreases, more and more analyte tends to evaporate off with the 
organic solvent, thus decreasing percentage recovery. 
Sample Purging 
Sample purging can involve two fairly similar techniques-headspace analysis and 
purge and trap analysis. Volatile or semi-volatile analytes in solution partition into the 
headspace above a sample in accordance with the various gas laws. Following the partial 
pressure gradient, the analyte will continue to enter the headspace until an equilibrium is 
reached. At this point, a constant stream of inert gas is passed over the headspace of a 
sample, allowing the volatile and semivolatile analytes to be exhaustively purged into the 
analyzer. A pre-determined amount of this purged gas moves into a collection loop and then 
onto the GC (Figure SA) (Fisons, 1994). A similar method is that of the purge and trap. The 
principles of this method are similar to headspace analysis, but the extraction is more 
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s 0 
A. Single extraction in which the aqueous layer is extracted once prior to 
concentration. 
A A 
s s 
B. Exhaustive extraction in which the aqueous layer is extracted with three portions of 
the organic layer. These three organic portions are then combined prior to 
concentration and analysis. 
Figure 4. Liquid-liquid salt-out extraction. (A) Single extraction. (B) Exhaustive 
extraction. "0" =organic layer, "A"= aqueous layer, "S" =salt precipitate. 
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thorough. In purge and trap, the inert purge gas is allowed to continuously flush the sample 
headspace and rather than fill a sample loop, this gas passes through a trap of adsorbent 
material. When purging is complete, the trap is thermally desorbed allowing the carrier gas 
to sweep a more condensed version of the analyte to the GC or similar analysis device 
(Figure SB) (Hewlett Packard, 1996). Both of these methods tend to yield a high percentage 
recovery of the analyte, but they involve a greater expense than the other techniques 
discussed. 
Detection 
Confirmation and quantitation of DMSO is most often accomplished through the use 
of a gas chromatograph/mass spectrometer (GC/MS), although other methods do exist 
(Tobin, 1981). The gas chromatograph works on the principle of analyte distribution 
between two phases, in this case a stationary liquid phase (as a thin film over an inert solid 
capillary tube) and a mobile gas phase. Samples can be introduced as gases or as liquids, 
which are quickly vaporized by the heat of the GC injection port and distributed between the 
two phases of the chromatographic column. The mobile gas phase allows the components of 
the sample to separate according to their distribution coefficients, and the detection of these 
separate components is noted as a function of time since the injection. A number of detectors 
can be used in conjunction with the gas chromatograph, including flame ionization detectors, 
flame photometric detectors, and mass spectrometers (Silverstein, 1981 ). This study used 
electron impact ionization/mass spectrometry. 
Two modes in which the MS can be used are "full scan" and "single ion monitoring" 
modes. Full scan mode is relied upon when analyzing samples of high concentration because 
it provides solid identification of a compound by scanning the entire range of atomic mass 
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GC. 
Figure 5. Sample purging techniques 
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units (AMU). The resulting spectra can then be matched to library spectra of the compound. 
Single ion monitoring (SIMs) mode is utilized with low concentrations of analyte because of 
its increased sensitivity. This sensitivity is a result of focusing specifically on the ions of 
interest in a sample (Silverstein, 1981). The majority of the work presented here involved 
the use of SIMs mode. 
Internal Standard 
The use of an internal standard in studies of this sort is extremely valuable to correct 
for extraction/detection loss. An internal standard is a compound similar in many respects to 
the analyte of interest. A known amount is added to all samples and spikes prior to 
extraction and analysis. Any physical losses of the sample occurring during the analytical 
process will ideally occur equally to both the analyte of interest and the internal standard. 
Their relationship relative to one another should therefore remain the same throughout the 
entire process. A labeled (in this study deuterated) version of the analyte of interest is 
considered the best internal standard because the two only differ in the AMU of the ions 
collected. 
Calculation of Concentration 
The concentration of DMSO in the samples analyzed can be calculated from the 
GC/MS data collected. Chromatographic peaks representing the major ions collected occur 
at the retention times of both the internal standard and the DMSO (same retention time if 
cold-labeled internal standard used). Using a series of spikes, the area of the peaks 
representing the major ions in both spectra (internal standard and DMSO) can be calculated 
and the ratio of the DMSO peak areas to that of the internal standard peak areas can be 
obtained. When this is plotted on a graph as a function of DMSO concentration in spikes, a 
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least squares regression line can be developed to fit the data. Once the DMSO/intemal 
standard ratios from the samples are calculated, they can be fit to this line to obtain their 
corresponding DMSO concentrations. 
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EXPERIMENT AL 
Instrumentation and Materials 
Gas Chromatograph/Mass Spectrometer (GC/MS) 
A Hewlett Packard (San Fernando, CA) model 5890 GC coupled to a Hewlett 
Packard model 5988 MS was used to separate and characterize all samples studied. The GC 
was equipped with a Hewlett Packard model 7673A autosampling injection tower and tray. 
Also used was a J&W Scientific (Folsom, CA) DB-Wax 15m x .25mm x .25µm fused silica 
column. The MS was used in electron ionization mode and both full scan and selected ion 
monitoring modes of data aquisition. 
Headspace Analysis 
A standard model Tekmar (Cincinnati, OH) 7000 Headspace Analyzer equipped with 
a Tekmar model 7050 Autosampler Carrousel was evaluated in preliminary extraction 
experiments. Sample containers, 22 mL in volume, were used along with a 1 mL sample 
loop. 
Solid Phase MicroExtraction (SPME} 
The Supelco (Bellefonte, PA) model 5-7330 Manual Solid Phase MicroExtraction 
Fiber Holder with 75µm Carboxen/Polydimethylsiloxane (PDMS) fibers was evaluated in 
preliminary extraction experiments. 
Solvents, Chemicals, and Gases 
Dimethyl sulfoxide for standards and spikes was obtained from Fisher Scientific, Inc. 
(Fair Lawn, NJ). Deuterated dimethyl sulfoxide (2H6), also for spikes, was obtained from 
Pfaltz & Bauer (Waterbury, CT). 
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Potassium Pyrophosphate was purchased from Aldrich Chemical Company, Inc. 
(Milwaukee, WI). 
All other salts and solvents used were reagent grade or better quality and were 
obtained from Fisher Scientific, Inc. (Fair Lawn, NJ). Gases used in the GC/MS were 
purchased from Air Products (Des Moines, Iowa). 
Canine Care and Blank Urine Collection 
Blank urine was collected throughout these studies from a number of greyhounds 
(ranged from 5 to 17 dogs during the study) in the Iowa State University Racing Chemistry 
research population. These dogs were no more than 8 years old and weighed between 60 and 
80 kilograms. The dogs were housed in 5' by 5' runs with water provided ad libitum. "High 
Density Canine Diet" dog food (PMI Feeds, Inc., St. Louis, MD) was given once a day. The 
dogs were exercised with a 20 minute walk, three times a week. Room lighting followed a 
natural 12 hr light/12 hr dark schedule. Temperature in the rooms was maintained at 65-70°C 
The veterinary needs and daily supervision for the research dog colony were provided by the 
Iowa State University Lab Animal Resources veterinarians. Urine was considered blank 
following at least a one month long period in which no DMSO had been administered. This 
urine was collected in 120 mL screw cap plastic cups (Western Plastics, Phoenix, AZ) using 
the cup-on-stick volunteer method at various times of the day, with best yield occurring in 
the morning between the hours of 7 and 9 am. Urine samples were stored at -80°C until 
needed. 
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Preliminary Extraction Method Selection 
Three methods of extracting DMSO from the urine matrix were evaluated-
headspace analysis, solid phase microextraction, and liquid-liquid extraction. All extraction 
methods were used prior to separation and characterization via GC/MS. 
Headspace Analysis Conditions 
For headspace analysis, 22 mL sample containers were used. Gas flows were 
adjusted according to the Tekmar 7000 Headspace Autosampler User Manual. The basic 
Table 2. GC/MS and headspace parameters used to extract DMSO from water 
GC/MS 
Injector temperature: 
Oven temperature: 
Source temperature: 
Injector mode: 
Carrier gas flow(He): 
Ionizer vacuum: 
Scan mode(FS/SIM): 
Headspace Analyzer 
Platen temperature: 
Platen equilibration time: 
Sample equilibration time: 
Mix time: 
Mix setting: 
Vial pressurization time: 
Pressurized vial equilibration time: 
Loop fill time: 
Loop equilibration time: 
Injection time: 
GC run time: 
200°c 
50°C for 1 minute, then ramp (20°C/min) to 150°C 
250°C 
6: 1 split or splitless 
1 mL/min 
10-6 torr 
SIM 
Normal 
85°C 
0 minutes 
0-120 minutes 
5 minutes 
3 
0.25 minutes 
0.25 minutes 
0.25 minutes 
0.10 minutes 
1 minute 
18 minutes 
Full Evaporation Technique 
10 minutes 
no m1xmg 
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parameters for the headspace analyzer and GC/MS are listed in Table 2. "Normal" 
conditions refer to regular sample runs. "Full Evaporation Technique" conditions refer to 
initial tests used to locate the retention time of the analyte by evaporating 5 µL of standard in 
the sample vial. Initially, the GC was run at a split of 6: 1, but when this was discovered to 
alter reproducibility, the injector mode was returned to splitless. Samples run were sodium 
sulfate-saturated millipore-filtered water spikes containing 1-100 ppm DMSO in 5 mL of 
water. Two ppm acetophenone was used as an internal standard, until it too caused problems 
with recovery, including shifts in retention time. No internal standard was used following 
this discovery. 
Solid Phase Microextraction Conditions 
The basic parameters for the SPME fiber and the GC/MS are listed in Table 3. Prior 
to sample extractions, three blank desorptions of the SPME fiber were run, as recommended 
by the manufacturer to remove or identify background peaks. A daily standard of 0.05% 
DMSO taken from aliquots of an initial pool was also run at this time, in order to check the 
between-day reproducibility. Samples tested were sodium chloride-saturated millipore-
filtered water spikes containing DMSO in 3 mL of water. No internal standard was used. 
Liquid-Liquid Extraction Conditions 
Two methods of liquid-liquid extraction were tested-a sodium chloride salt-out 
extraction and a potassium pyrophosphate salt-out extraction. The GC/MS parameters for 
both methods are shown in Table 4. 
Sodium Chloride Salt-out 
This is the DMSO extraction method used by the ISU Racing Chemistry Lab. It is 
listed in its entirety in Appendix l. It involves adding l gram of sodium chloride to 2 mL 
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Table 3. GC/MS and SPME parameters used to extract DMSO from water 
GC/MS Parameters 
Injector temperature: 
Oven temperature: 
Source temperature: 
Injector mode: 
Carrier gas flow(He ): 
Ionizer vacuum: 
Scan mode(FS/SIM): 
SPME Parameters 
Sample volume: 
Sample container: 
Sample composition: 
Extraction time: 
Desorption time: 
Mixing: 
250°C 
50°C for 3.5 minutes, then ramp(l 0°C/min) to 245°C 
2so0 c 
splitless 
1 mL/min 
10-6 torr 
SIM 
3mL 
1 dram vial with septum lined screw cap(hole drilled 
in cap) 
33% NaCl in millipore filtered water with desired 
concentration of DMSO added 
5-60 minutes 
5 minutes 
stir bar and plate 
Table 4. GC/MS parameters for liquid-liquid extraction of DMSO from water 
Injector temperature: 
Oven temperature: 
Source temperature: 
Injector mode: 
Carrier gas flow(He): 
Ionizer vacuum: 
Scan mode(FS/SIM): 
200°c 
50°C for I minute, then ramp(20°C/min) to 150°C 
250°C 
splitless 
1 mL/min 
10"6 torr 
SIM 
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urine along with 4 mL of dichloromethane (DCM). Following mixing and centrifugation, the 
DCM is removed and concentrated to 200 µL under nitrogen. One microliter of this extract 
is then injected into the GC/MS via an autosampler. 
Potassium Pyrophosphate Salt-out 
This method, taken from Law et al. (1990), is described in full in Appendix 2. It 
involves adding 10 grams of potassium pyrophosphate to 5 mL of urine along with 2 mL of 
ethyl acetate. Following mixing and centrifugation, the ethyl acetate is removed and 
concentrated to 200 µL under nitrogen. Again, 1 µL of this extract is then injected into the 
GC/MS. 
Comparison 
Each of these two liquid-liquid methods was used to extract four DMSO spikes (0, 
50, 200, and 1000 ppb DMSO) in millipore filtered water. A series of standards (0, 50, 100, 
200, 500, and 1000 ppb DMSO) was also run with each set of spikes. Both spikes and 
standards contained 200 ppb deuterated DMSO (based on original urine volume---either 5 
mL or 2 mL), and were injected in triplicate into the GC/MS. A standard curve with a least 
squares regression line was plotted using Stat View II. This regression line was then used to 
calculate percentage recovery of the spikes by the two methods. 
Population Studies 
The ISU Racing Chemistry laboratory currently has contracts to analyze urine 
samples from a number of jurisdictions within the United States. Samples from these 
jurisdictions found to be negative for the drugs in question are then stored in a -20° C freezer 
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for an agreed upon time period prior to disposal. Samples used in this study were taken from 
this large population of samples following the aforementioned time period. Two 
jurisdictions were represented (noted as Track "B" and Track "C" for confidentiality 
reasons). A set of samples from another lab representing a jurisdiction outside of the United 
States was also used (noted as Track "A"). 
Samples were removed in groups of20-30 from the -20° C freezer and allowed to 
thaw in the refrigerator or at room temperature. After thawing, 5 mL of each sample was 
distributed into IO mL plastic snap-cap tubes (Fisher Scientific, Inc., Fair Lawn, NJ) which 
were immediately capped. Each sample was extracted in triplicate if possible. A spike curve 
was set up in the fashion described earlier using concentrations of 0, 50, 100, 500, and 2000 
ppb in duplicate. Thirty microliters of deuterated DMSO was aliquotted to each test tube 
using an Eppendorf pipetter, and the extraction carried out. 
For reasons explained more thoroughly in the "Discussion" section of this study, 
multiple day samples taken from the ISU Racing Chemistry research dog population were 
also examined and their DMSO content determined. This data provided a comparison 
between DMSO levels of the track populations, and a population of dogs withdrawn from 
any exogenous DMSO sources (besides what was present in the diet). Similar conditions to 
the track sample runs were employed. 
DMSO Administration 
In order to compare natural DMSO levels to those seen following a relatively 
insignificant dose of DMSO, two retired racing greyhounds from our research population 
(#9487 and #11775) were administered the compound. 
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In talks with an Iowa track veterinarian, it was discovered that DMSO was normally 
administered via two methods-in the food of the animal or by including the DMSO in a 
liniment and rubbing this mixture over the major muscle groups. The topical administration 
involved varying amounts of DMSO depending on personal preference and the area covered. 
In most cases, though, it was thought that 1-3 ounces (30-90mL) of DMSO would normally 
be used. Based on this information, the volume of 1 mL of DMSO was chosen to represent a 
relatively insignificant dose. In our study, this volume was applied separately to the backs of 
the two dogs mentioned above, along their dorsal hair line from a point directly behind the 
ears to the base of the tail. 
Urine was collected using the volunteer cup-on-stick method immediately prior to 
DMSO application, as well as at 2, 4, 8, 24, 33, 48, 57, 72, 81, 96, and 105 hours post-dose. 
At each collection time, the urine from both dogs was pooled together and mixed with a stir 
bar on a stir plate for half an hour, then aliquotted into 10 mL labeled Falcon tubes and stored 
at -80°C to be extracted and analyzed at a later date. Samples from each collection time were 
extracted in triplicate if possible. 
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RESULTS 
Extraction Method Selection 
Headspace Analysis 
The retention time for DMSO under the present conditions was discovered to be 9 
minutes by using the Full Evaporation Technique (FET) (Figure 6). In an attempt to 
optimize analyte recovery, the sample equilibration time had been varied from 0-120 minutes 
(increments of 5-10 minutes) with 5mLof100 ppm DMSO spiked water samples. Some of 
the results from these tests are shown in Table 5. It was discovered that the greater the 
equilibration time, the greater the yield of DMSO. When the test was repeated for similar 
time periods, the results were found to be the same, but the recovery levels were much lower 
than previously seen (Table 6). It was soon difficult to distinguish levels of 10 ppm from the 
baseline. Another FET was run and the results were similar to the original, thus the machine 
was thought to be running normally. Later samples of 1, 2, 5, 10, 25, 50 and 100 ppm 
showed no analyte recovery that could be distinguished from the baseline noise. Sensitivity 
had inexplicably been lost. 
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Figure 6. Total ion chromatogram for 100 ppm DMSO in water using Full 
Evaporation Technique Headspace Analysis. The retention time for DMSO 
was nine minutes. 
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Table 5. Headspace analysis results for variable sample equilibration times using 
100 ppm DMSO water spikes. As equilibrium time increased, so did peak 
area. 
Sample equilibration times (minutes) Peak area ion 63 
5 64,328 
15 104,031 
20 146,430 
30 203,022 
60 382,056 
Table 6. Repeated beadspace analysis of 20 minute equilibration time using 100 ppm 
DMSO water spikes. Peak area decreased rapidly. Sensitivity was lost. 
Peak area of ion 63 
Day 1 146,430 
Day2 5,496 
Day 3 795 
Solid Phase Microextraction 
The retention time for DMSO under the conditions described in Table 3 was 4-5 
minutes (Figure 7). In order to optimize analyte recovery, parameters such as salt content 
and pH of the sample were manipulated. It was discovered that a pH greater than millipore 
water (above pH 4) and a 25-33% sodium chloride solution matrix provided the best recovery 
seen for 100 ppm DMSO spikes. Extending the extraction/absorption period on samples 
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Figure 7. Total ion chromatogram for DMSO in water using Solid Phase 
Microextraction. The retention time for DMSO was four and a half minutes. 
taken from a 100 ppm pool and analyzed on the same day was also found to increase yield 
(Figure 8). The longer the extraction period, the greater the yield, although this increase 
quickly reached a level of diminishing returns. 
Unfortunately, a number of problems soon arose. Of prime importance was the visual 
degradation of fibers as the samples were being extracted. This may have been due to the 
DMSO breaking down the glue holding the fiber material to the silica base, resulting in the 
poor reproducibility seen in the daily standard (Table 7), as well as the broad 
chromatographic peaks recorded. These rounded, broad peaks made it difficult to integrate 
peak areas, as well as to distinguish low level concentrations of analytes (less than 1-10 ppm) 
from the baseline. 
Table 7. Results of daily SPME of a 0.05% DMSO standard. Peak area fluctuated 
greatly. 
Peak area of ion 63 
Day 1 140,755 
Day2 247,004 
Day 3 145,358 
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Figure 8. Solid phase microextraction of DMSO in water spikes. Extraction periods 
ranged from 5-60 minutes (increasing time from top to bottom). Increased 
extraction time led to increased peak areas. 
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Liquid-Liquid Salt-out 
Both liquid-liquid procedures provided high amounts of analyte recovery, creating 
sharp, controlled chromatography (Figure 9). Despite the large amount of time involved, 
these methods had a number of other more positive qualities. Among these was the fact that 
they allowed simple manipulation of the parameters (type of salt and organic layer), and they 
required shorter GC/MS analysis time. The potassium pyrophosphate liquid-liquid salt-out 
method was chosen for the extraction of all samples in these DMSO studies. 
Statistical Evaluation 
In order to check the reproducibility of the potassium pyrophosphate salt-out 
extraction, two experiments were performed. The first involved observing the 
reproducibility of the injection, separation, and detection processes. A standard curve of 0, 
100, 500, 1000, and 2000 ppb DMSO was run, each standard vial containing 200 ppb 
deuterated DMSO (based on a 5 mL original volume) in methanol (total volume of vial 
liquids was 200 µL). Five water spikes (0, 100, 500, 1000, 2000 ppb) were also extracted via 
the potassium pyrophosphate method described (Appendix 2). Each standard and extract was 
injected three times into the GC/MS. This test was run three times over a total of three 
consecutive days. The spike results are shown in Table 8. 
The second experiment looked more closely at the reproducibility of the entire 
method, extraction and detection. Everything was the same as previously described, except 
this time five portions of each spike concentration (taken from one large initial pool of each 
spike) were extracted and run. Each extract was injected only once into the GC/MS. As 
before, this experiment was run three times over a total of three consecutive days. The spike 
results are shown in Table 9. 
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Figure 9. Liquid-liquid salt-out extraction of DMSO in water spikes using (A) sodium 
chloride or (B) potassium pyrophosphate. Both techniques resulted in sharp, 
easy to integrate peaks. 
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Table 8. Reproducibility of the liquid-liquid potassium pyrophosphate salt-out 
extraction of water spikes (1extract,3 injections) 
Calculated DMSO in Water Spikes (ppb). Format: mean± standard deviation 
coefficient of variation 
Spike Concentration (ppb) Day 1 Day2 Day 3 Between Days 
100 73.0 ± 7.14 85.l ± 5.51 81.2 ± 5.20 79.8 ± 7.46 
9.78 6.47 6.40 9.35 
500 522 ± 24.0 502 ± 13.l 518±2.89 514± 16.6 
4.60 2.61 0.558 3.23 
1000 1060 ± 15.3 1030 ± 11.5 1010 ± 34.2 1040 ± 29.1 
1.44 1.12 3.39 2.80 
2000 1960 ± 63.5 1980± 105 1990 ± 52.9 1980 ± 68.6 
3.24 5.30 2.66 3.46 
Table 9. Reproducibility of the liquid-liquid potassium pyrophosphate salt-out 
extraction of water spikes (3 extracts, 1 injection) 
Calculated DMSO in Water Spikes (ppb). Format: mean± standard deviation 
coefficient of variation 
Spike Concentration (ppb) Day 1 Day2 Day 3 Between Days 
100 101 ± 5.44 66.1±4.60 77.1±2.76 81.4 ± 15.6 
5.39 6.96 3.58 19.2 
500 497 ± 29.8 534 ± 9.23 529 ± 9.60 519 ± 25.1 
6.00 1.73 1.81 4.84 
1000 No Injection 1070 ± 12.2 1050 ± 35.6 1060 ± 26.9 
1.14 3.39 2.54 
2000 2000 ± 149 1960 ± 28.6 1970 ± 35.6 1980 ± 85.6 
7.45 1.46 1.81 4.32 
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Both of these experiments were also run using a urine matrix. The blank urine was 
collected separately from each of the seven research dogs in the racing chemistry population. 
This urine already contained the natural amounts of DMSO being examined. Attempts to 
clear this urine of all DMSO by exhaustive liquid-liquid extraction only resulted in altering 
the matrix enough to make it incompatible with subsequent extractions. Upon exposure to 
the potassium pyrophosphate, the proposed DMSO-free urine would practically solidify in 
the test tube. Because of this, the focus was turned strictly to the reproducibility of the 
concentrations found naturally in the seven dogs. No standard curve was implemented and 
spikes used were water spikes. Water spikes were used in place of urine spikes by the 
suggestion of K.Law (personal correspondance-facsimile). He had found that spiked water 
gave the same results as spiked urine minus the naturally occurring levels. The rest of the 
urine procedure was performed in similar fashion to the water experiments. The results are 
shown in Tables 10 and 11. 
Internal Standards 
As mentioned earlier, an internal standard equalizes and corrects for any analyte 
losses that occur during extraction or detection. When choosing an extraction method in this 
study, three different forms of internal standard were used--no internal standard, an 
acetophenone standard, and a deuterated DMSO standard (2H6). While working with SPME 
and headspace extraction methods, for the most part no internal standard was used due to 
unfamiliarity with the methods. When acetophenone was added to a few of these samples, 
changes in the chromatographic results occurred, thus the use of internal standards was 
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Table 10. Reproducibility of the liquid-liquid potassium pyrophosphate salt-out 
extraction of urine samples (1 extract, 3 injections) 
Natural Urinary DMSO levels (ppb ). Format: mean ± standard deviation 
coefficient of variation 
Research dog# Day 1 Day2 Day3 Between days 
2190 783 ± 26.3 1,100 ± 5.77 1,310 ± 50.0 1,060 ± 231 
3.36 0.525 3.82 21.8 
2091 388 ± 2.52 557 ± 13.9 507± 114 484 ± 94.6 
0.649 2.50 22.5 19.5 
11775 580 ± 8.50 641±24.8 685 ± 13.9 636 ± 48.0 
1.47 3.87 2.03 7.55 
690 186 ± 5.77 155 ± 7.64 180 ± 4.62 174±15.1 
3.10 4.93 2.57 8.68 
177 1,160 ± 5.77 954 ± 13.7 1,270 ± 26.5 1,130 ± 140 
0.497 1.44 2.09 12.4 
2960 1,330± 14.7 1,940 ± 45.1 1,710 ± 66.6 1,660 ± 272 
1.11 2.32 3.89 16.4 
2982 408 ± 7.51 497 ± 5.13 595 ± 92.4 500 ± 93.2 
1.84 1.03 15.5 18.6 
delayed until a fair level of confidence with the new methods could be established. 
In preliminary studies with the liquid-liquid salt-out extractions, acetophenone was 
used as an internal standard because the deuterated DMSO standard had not yet been 
obtained. Later, this deuterated DMSO standard was used exclusively with all the actual 
samples recorded in this study. A comparison between using a deuterated standard or no 
standard at all on a single sample extracted twice is shown in Table 12. With no internal 
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Table 11. Reproducibility of the liquid-liquid potassium pyrophosphate salt-out 
extraction of urine samples-(3 extracts, 1 injection) 
Natural Urinary DMSO Levels(ppb ). Format: mean± standard deviation 
coefficient of variation 
Research Dog # Day 1 Day2 Day 3 Between days 
2190 624 ± 6.61 632 ± 11.2 575±17.1 609 ± 29.4 
1.06 1.77 2.97 4.83 
2091 87.0 ± 8.83 115 ± 4.82 110 ± 4.16 104 ± 13.8 
10.l 4.19 3.78 13.3 
11775 638 ± 22.9 644 ± 14.4 604 ± 19.6 628 ± 25.8 
3.59 2.24 3.25 4.11 
690 378 ± 17.1 396 ± 21.5 360 ± 10.7 378 ± 22.1 
4.52 5.43 2.97 5.85 
177 192 ± 1.50 214 ± 7.77 199 ± 10.5 202±11.7 
0.781 3.63 5.28 5.79 
2960 1,050±51.2 1,110±71.3 1,040 ± 38.5 1,070 ± 61.5 
4.88 6.42 3.70 5.75 
2982 952 ± 41.4 969 ± 55.7 882 ± 28.5 934 ± 56.0 
4.35 5.75 3.23 6.00 
Table 12. Calculated DMSO concentration in three extracts of one urine sample using 
either no internal standard or a 2H6 internal standard 
Sample lA 
Sample 18 
Sample IC 
Peak Area Ion 63 
39,404 
37,256 
45,033 
Calculated Concentration of DMSO (ppb) 
No Internal Standard 2H6 internal standard 
261 
249 
293 
208 
203 
208 
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standard, the peak area of the DMSO base ion 63 would be fitted to a spike curve based on 
peak areas of the spikes. Using the deuterated DMSO standard, the ratio of the ion 63 peak 
area to the ion 66 peak area (base ion of deuterated DMSO) would be fitted to a spike curve 
based on the ratios derived from the spikes. 
Diurnal Variation 
The results of the statistical evaluation of the potassium pyrophosphate method were 
shown in Tables 9-11. Both sets of water spikes showed good analyte recovery and tight 
standard deviations around the means. Similar results were noted for the urine data. The 
results of both urine tests for research dog #177 are shown again in Table 13. For this study, 
it had originally been assumed that the natural endogenous levels of DMSO in dog urine 
were fairly constant over time within an animal. Contrary to this assumption, the data from 
dog #177, along with a few others, show a radical change in concentration over the period of 
one month-Dog # l 77 dropped from 1, 130 ppb to 202 ppb. This prompted a small 
investigation into the possibility of time-of-collection-dependent DMSO variation. 
Table 13. Natural DMSO concentration found in two urine pools from research dog 
#177 
Collection date Concentration DMSO(ppb) 
November, 1997 1130 ± 140 ppb 
December, 1997 202 ± 11.7 ppb 
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One dog from the research population (#2091) was chosen and urine samples were 
collected from it every two hours for a 16 hour period between 6 am and 8 pm. These 
samples were then extracted in quintuplet and analyzed for DMSO content. The results were 
then plotted on a graph as seen in Figure l 0. A trend was seen, beginning with a 
concentration of 3,500 ppb DMSO at 6 am, dropping steadily to about 100 ppb at 12 pm, and 
remaining there for the rest of the collection period. Again, this trend contradicted the 
original assumption that the DMSO in urine was maintained at a constant level. A further 
look into this phenomenon was required. 
This time, blank urine samples were collected from four research greyhounds (2 
males and 2 females) every 2-3 hours from either 6am-8pm or 6am-2am over the course of 
two different days. These samples were extracted in triplicate or quintuplet if possible and 
analyzed. The various trends and fluctuations in endogenous DMSO concentrations are seen 
in Figures 11-14. Upon closer observation, it can be noted that DMSO concentration in the 
two males studied remained fairly constant (Figures 13 and 14), while that of the females 
seemed rather erratic (Figures 11 and 12), but all females showed a curvilinear time 
dependent response. 
Population Studies 
Seventy-seven urine samples representing multiple collections on multiple days from 
the ISU Racing Chemistry research dog population were extracted and analyzed. Figure 15 
displays the results. The mean for this population was 338 ± 546 ppb DMSO. In this and the 
following distribution graphs, the solid line represents the mean of the population, the dotted 
line represents one standard deviation from this mean, the dashed line represents two 
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Figure 10. Naturally occurring mean urinary DMSO concentrations over time for female research dog #2091. Error bars 
display 1 standard deviation from the mean. This female showed a high urinary concentration (3,500 ppb) 
early in the morning, which dropped to 100 ppb by noon and remained there the rest of the testing period. 
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Figure 11. Naturally occurring mean urinary DMSO concentrations over time for female research dog #2091 (3 
separate days). Error bars display one standard deviation from the means. On 2 of the 3 days, this female 
showed high urinary concentrations early in the morning, which dropped to 100 ppb by noon and remained 
there the rest of the testing period. On the third day, the urinary concentration fluctuated around 400 ppb. 
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Figure 12. Naturally occurring mean urinary DMSO concentrations over time for female research dog #2960 (2 
separate days). Error bars display one standard deviation from the means. The unconnected trendline 
(representing 1 day) is missing data from the 6 pm collection time due to no urine excreted. This female 
showed a varying urinary concentration which was elevated in the late pm hours. 
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Figure 13. Naturally occurring mean urinary DMSO concentrations over time for male research dog #11775 (2 separate 
days). Error bars display one standard deviation from the means. This male showed a relatively constant low 
level concentration of DMSO over the entire testing period. 
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Figure 14. Naturally occurring mean urinary DMSO concentrations over time for male research dog #690 (2 separate 
days). Error bars display one standard deviation from the means. This male showed a relatively constant 
low level concentration of DMSO over the entire testing period. 
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standard deviations from this mean, and the combination dash/dot line represents three 
standard deviations from this mean. 
In total, 310 samples from Track A were extracted and analyzed. A summary of this 
data is shown in Figure 16. The mean for this population was 62.1±107 ppb DMSO. The 
majority of samples were clumped around this mean with only a few outlyers straying very 
far. 
From Track B, 144 samples were extracted and analyzed. A summary ofthis data 
appears in Figure 17. The mean of this population was 4,160 ± 16,000 ppb DMSO. This 
time, there appeared to be quite a few more outlying values, one as high as 141,000 ppb. 
This brings to light an interesting fact . When working with the research dogs, total control of 
any exogenous DMSO they might be receiving was maintained. In using samples from the 
various tracks, a larger population of dogs was made available. The trade-off is the lack of 
control over whether or not these dogs had been given DMSO. Therefore, it is suspected that 
some of the extreme outlying values seen in these graphs represent doped animals. 
From Track C, a total of 89 samples were extracted and analyzed. The mean of this 
population was 736 ± 2,120 ppb DMSO. Again, there appeared to be quite a few outlying 
values, one as high as 13,000 ppb. This is shown in Figure 18. 
The three population track averages and standard deviations along with those of the 
research population are shown in Table 14, along with an all inclusive average and standard 
deviation for all four populations of 1,140 ± 7,920 ppb DMSO. In order to more closely 
evaluate these results, histograms displaying these distributions were constructed (Figures 
19-21). They are all skewed toward the high end of the concentration axis, due in part to the 
few outlying values. As mentioned earlier, the populations tested were made up of actual 
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Figure 15. Distribution of the natural urinary DMSO concentration in dogs (~and rJ) from the ISU Racing Chemistry 
research Jab population. This represents multiple samples taken on multiple days from seven greyhounds. 
Total samples plotted= 77. Females showed much higher urinary DMSO concentrations at early a.m. and 
late p.m. hours of collection. These samples are responsible for most of the data points greater than 500 ppb. 
Males showed unvarying low level DMSO concentrations below 200 ppb. 
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Figure 16. Distribution of the natural urinary DMSO concentration in dogs( ~ and d') from Track A. Total samples 
plotted= 310. The majority ofsamples lie near the mean (62.1 ppb) with only a few outlying values occurring. 
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Figure 17. Distribution of the natural urinary DMSO concentration in dogs ( <i> and rJ) from Track B. Total samples 
plotted=== 144. The majority of samples lie near the mean (4,160 ppb) with a few very large outlying values 
occurring. 
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Figure 18. Distribution of the natural urinary DMSO concentration in dogs ( \il and d') from Track C. Total samples 
plotted = 89. The majority of samples lie near the mean (736 ppb) with a few large outlying values occurring. 
----------------------------- ·------·- -
14000. 
-.c 
c. 
..!:!: 12000 
G> 
s::: 
"i:: 
~ 10000 
0 
"' :::!: c 
-0 
s::: 
0 
:;; 
C'CI 
... 
-s::: G> 
CJ 
s::: 
0 
8000 
6000 
4000 
Track C--Mean Values of Urinary DMSO 
+ 3 std. dev. = 7,096 ppb 
-·-·-·-·-·r·-·-·-·-·- . - . - ·-·-·-·-·-
+ 2 std. dev. = 4,976 ppb 
--------~------------------
(..) + 1 std. dev. = 2,856 ppb 
................................................................................................. 
2000 
o_...,.~.,_...,...~-=-=::,.-..u...u...-r4-~~ ...... _...~~~~~ ..... ...._:~~~ .... ~ .... ....,r--~~ 
0 10 20 30 40 50 60 70 80 90 100 
Randorriy Numbered Dogs 
65 
Figure 19. Untransformed population distribution histogram representing urinary DMSO concentrations in dogs of Track 
A. Total samples plotted= 310. Columns represent bins of 10 ppb. Bins of 1 value each at 520 and 1,420 ppb 
(undistinguishable from baseline) forced the majority of the distribution to the far left. These very high 
concentration values prevent a normal distribution. 
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Figure 20. Untransformed population distribution histogram representing urinary DMSO concentrations in dogs of Track 
B. Total samples plotted = 144. Columns represent bins of 500 ppb. A bin of 1 value at 142,000 ppb 
(undistinguishable from baseline) forced the majority of the distribution to the far left. Very high 
concentration values prevent a normal distribution. 
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Figure 21. Untransformed population distribution histogram representing urinary DMSO concentrations in dogs of Track 
C. Total samples plotted= 89. Columns represent bins of 100 ppb. Bins of 1 value each at 6,900, 8,700, 9,300, 
and 13,600 ppb (undistinguishable from baseline) forced the majority of the distribution to the far left. These 
very high concentration values prevent a normal distribution. 
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Table 14. Mean urinary DMSO concentration in four greyhound populations 
Research Lab Animals 
Track A 
Track B 
Track C 
Overall Mean 
338 ± 546 ppb 
62.l ± 107 ppb 
4, 160 ± 16,000 ppb 
736 ± 2,120 ppb 
1,140 ± 7,920 ppb 
track samples, possibly containing dosed animals. Although this presents a somewhat false 
look at populations assumed to be normal, it was the best available option. 
DMSO Administration 
The results of the 1 mL DMSO topical administration to two of the research 
greyhounds are shown in Table 15. Figure 22 graphically displays the resulting pattern of 
rise and fall in urinary DMSO content from a pre-dose normal level at about 700 ppb to a 
high of 27,000 ppb at 4 hours post-dose, then back down to about 800 ppb at 72 hours post-
dose. Bars representing one standard deviation from the mean at each time period are shown. 
Many are tight enough to be hidden from view "beneath" the graph points. This displays the 
effects of a relatively minimal DMSO dose in comparison to what a regular race dog would 
be exposed to if it were being given exogenous DMSO. 
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Figure 22. Mean DMSO concentration over time in pooled urine of two research greyhounds (1 ~and 1 d') following a 1 
mL topical dose. Error bars represent 1 standard deviation from the mean. In some instances, the error bar is 
small enough to be obscured by the plotting point. Highest concentration was reached at 4 hours post-dose. By 
72 hours post-dose, the concentration had returned to pre-dose levels. This represents the effects of a very low 
level DMSO dose. 
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Table 15. Urinary DMSO concentration following 1 mL DMSO topical 
administration to two research dogs 
Time (hours) post-dose 
0 
2 
4 
8 
24 
33 
48 
57 
72 
81 
96 
105 
Spike Curves 
Mean ± Standard Deviation 
(DMSO ppb) 
757± 19.5 
6,580 ± 462 
27,700 ± 2,890 
17,100 ± 636 
5,980 ± 146 
3,340 ± 50.3 
1,810 ± 70.0 
1,110 ± 157 
870 ± 36.1 
1,220 ± 40.0 
477 ± 32.l 
419 ± 23.l 
Coefficient of Variation 
(%) 
2.58 
7.02 
10.4 
3.72 
2.44 
1.51 
3.87 
14.1 
4.15 
3.28 
6.73 
5.51 
Prior to and throughout the actual population studies, a large number of water spikes 
were extracted and analyzed. In each case, the data collected from these spikes was used to 
create a spike curve. As discussed, this curve was then used to determine the concentration 
of DMSO in the samples. 
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The spike data was found to be quite linear, thus a line based on the least squares 
regression was used to fit this data. Upon further examination of these spike curves, 
however, it was noticed that the points depicting the spike concentrations often fell slightly 
below or above this line in a repetitive fashion. In fact, if a flowing line was used to connect 
these points, an extremely tight sigmoidal pattern emerged about the regression line-(Figure 
23 ). This prompted the suggestion that perhaps the best fit regression line was not a simple 
straight line, but rather a sigmoidal function. Tue·mathematical analysis involved in testing 
this hypothesis was found to be quite complicated, so rather than search for the exact 
function to describe the curve, simple linear and multiple order polynomial line fits were 
tested through the use of residual plots. These plots graphically display which type of 
regression works best with the data used. If a recognizable pattern is formed on the plot, 
such as a curve, then the forced regression is not applicable. The best regression is one that 
produces a residual plot in which the points are scattered equidistant from the zero line in an 
expanding fashion. 
When spike data from one of the DMSO experiments was analyzed, the linear 
regression produced a pattern, while the 2nd, 3rd, and 4th order polynomial fits produced the 
desired random expanding scatter (See Figure 24). Although this suggested the use of a 
polynomial or possibly sigmoidal line fit, the choice was made to stick with a linear 
regression. This was due to the fact that any curve created would have been so tight in 
fluctuations that the numbers produced would be similar to a straight line. A comparison 
between the calculated concentrations of DMSO in urine using a linear regression line and a 
2nd order polynomial regression line is shown in Table 16. 
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Figure 23. Linear regression and sigmoidal curve fit of DMSO spike data. A linear regression curve fit (dashed line) was 
used to create all spike curves in this study, although a sigmoidal or polynomial regression curve fit (bold line) 
may better represent the actual trend in spike concentrations. This may allow for more accurate results in the 
analysis of unknown samples. 
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Figure 24. Residual plots of DMSO water spikes extracted using a liquid-liquid 
potassium pyrophosphate salt-out method. Plot (A) represents a linear 
curve fit. Plots (B)-(D) represent 2nd, 3rd, and 4th order polynomial curve 
fits, respectively. 
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Table 16. A comparison between linear and 2nd order polynomial regression lines to fit 
DMSO spike data 
Calculated Concentration of DMSO (ppb) 
Linear regression calculation 2nd order polynomial calculation 
Sample 1 3500 ± 162 4720 ± 247 
Sample 2 1480 ± 56.9 1450 ± 63 .5 
Sample 3 266 ± 4.93 254 ± 4.03 
Sample 4 100 ± 1.67 114± 1.15 
Sample 5 77.2 ± 2.81 95.7 ± 2.30 
Sample 6 123±4.16 133 ± 3.06 
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DISCUSSION 
Extraction Method Selection 
Headspace Analysis 
Whether or not headspace analysis is a practical and sensitive enough method for 
extracting DMSO from dog urine remains unclear. The results obtained were not 
reproducible and therefore may be erroneous. From this failure, though, suggestions for 
future work can be taken. The use of an inorganic salt (i.e. sodium sulfate or sodium 
chloride) in the sample matrix initially seemed to improve DMSO recovery in early testing. 
Also, the abilities of analyte specific company accessories, such as electroform tubing and 
polar option kits should be utilized if possible. Unfortunately, the time, sample volume, and 
expense involved with headspace analysis was found to outweigh any sensitivity 
improvement that might have eventually occurred. 
Solid Phase Microextraction 
The ability of this solid phase microextraction method to remove DMSO from urine 
is still questionable, yet promising at the same time. Ten and twenty ppm DMSO 
concentrations were seen under original operating conditions. Twenty-five percent sodium 
chloride solutions at raised pH levels definitely improved recovery, as did increased 
extraction times. Perhaps, with the use of a different fiber type, longer extraction period, and 
some chromatographic peak clean-up methods, concentrations of 1 ppm and less could also 
be seen. At this time, though, fiber degradation, peak broadening, and poor reproducibility 
led to the dismissal of SPME as a viable extraction method. 
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Liquid-liquid Salt-out Extraction 
In a comparison of the liquid-liquid extraction variations, the potassium 
pyrophosphate method used larger volumes of both urine and salt, yet it called for removal of 
a more accessible organic layer, separated from salt and protein. The sodium chloride 
method used less urine and salt, but it involved retrieval of a bottom organic layer containing 
proteinaceous strands and in contact with an easily disturbed salt precipitate. Also, in order 
to obtain a similar yield to the potassium pyrophosphate salt-out, this procedure had to be run 
exhaustively, in that three extracts of the same urine were run prior to concentration under 
nitrogen. Based on these findings, the potassium pyrophosphate liquid-liquid salt-out 
method was chosen for the extraction of all samples analyzed in these DMSO studies. 
Few studies have actually focused specifically on urinary DMSO content (Law, 1990, 
1991; Wei, 1992). Wei's work directly preceded the present research. Wei applied the 
sodium chloride liquid-liquid salt-out extraction evaluated in this paper to study the general 
levels of natural DMSO in dog urine. Two papers by Law et al. (1990, 1991) dealt with the 
urinary DMSO content in racehorses. It is from these two studies that the potassium 
pyrophosphate extraction technique was adopted. Reproducibility and recovery by this 
method proved as good or better than recorded in these papers. The importance that the 
deuterated internal standard had in this tight reproducibility was well established in the 
present research. The equalizing factor it employed between samples was unparalleled 
amongst other internal standards and it provided a solid base for the entire project. 
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Diurnal Variation 
A change in natural urinary DMSO over time was not noted in any of the literature 
reviewed for this project. Law et al. (1991) determined there to be no cycling of DMSO in 
horse urine when concentrations were monitored hourly between feedings. What may be 
causing the diurnal variation seen in the greyhounds remains unclear. For this study, natural 
DMSO was presumed to originate primarily in the diet. The research dogs which displayed 
the variation were all fed at about the same time each day (between 8 and 10 am) with 
approximately the same amount of food. However, when the dogs actually ate their food and 
how much they ate depended on the dogs themselves. Some ate their entire meal within 
minutes while others fed throughout the whole day. Still others spilled their food, allowing 
them to eat only a partial amount. Thus, it is difficult to conclude that all the dogs were 
exposed to equal concentrations of dietary DMSO. 
The two female dogs studied displayed marked trends in their DMSO concentration 
over time (Figures 11-12), whereas the two males studied retained a static level of DMSO 
over the entire testing period (Figures 13-14). The small population of dogs examined (four) 
does not realistically allow for the presumption that this may be a gender issue. However, 
questions involving hormonal influence on urinary DMSO concentration do arise as a result 
of these observations. 
Two primary problems arise if this diurnal variation is proven to occur in the 
population at large. First off, the track samples analyzed in most racing chemistry labs have 
been collected at various times throughout a day depending on the time of the race and 
whether the sample was taken pre-race or post-race. If the urinary concentration is naturally 
found to change over time, then a universal collection time may need to be established. Then 
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again, most sampling and racing occurs between noon and 11 pm, a period in which 
concentrations showed less of a variance in the research animals studied. This fact may 
diminish any effects a diurnal variation may have on a population normal level. 
The second problem referred to earlier involves the gender issue. If a population 
normal level was established using the widely varying values recorded for the female 
research dogs, another separate level may have to be established for the more static, low level 
males. In total, four sub-populations of gender (males, females, neutered males, spayed 
females) would have to be accounted for. Again, this does not take into account the idea that 
most of the diurnal fluctuations occurred prior to most sampling race times and may be 
disregarded. 
Spike Curves 
The observation that a sigmoidal regression line may fit the water spikes data better 
than a linear regression line when predicting urinary DMSO concentration is made with 
caution. Out of the many spike curves created during this study, only a few displayed 
prominently these sigmoidal characteristics. Others formed almost perfectly straight lines. 
This was a curiosity brought to light by a comparison of a few of the resulting spike curves, 
as well as some produced in Wei's previous work (1992). 
Population Studies 
This thesis has brought to light many considerations which need to be taken into 
account when summarizing the data collected. The theoretical ideology behind these 
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experiments must integrate the actual racing conditions that occur at the many racetracks. 
This research has focused on the concentration ofDMSO in dog urine samples. Some of 
these urine samples are collected before certain races and others are collected after certain 
races. Whether or not a dog is in a hydrated or dehydrated state will have an effect on urine 
volume and concentration. It is logical to assume that these animals are more dehydrated 
after a race as compared to before the race, and that the concentration of many analytes in 
their urine is higher after a race due to less water excreted at this time. In order to equalize 
the effects of water loss on analyte concentration, it may be preferable to examine the 
relationship between DMSO and another analyte. Assuming the ratio between the two stays 
the same despite water loss/gain, this second analyte would act as an internal standard, 
allowing the analysis of many dogs despite their hydrated or dehydrated condition. Whether 
or not this practice would belittle the diurnal variation results noted remains to be seen. 
The overall urinary DMSO mean concentration for the four populations examined in 
this thesis was 1,140 ± 7,920 ppb. It is thought that the relative standard deviations of each 
of the actual racing tracks may be inflated due to many outlying values, possibly representing 
dogs exposed to exogenous DMSO. The proper way to remove these values without 
knowing for a fact that they represent doped animals, thus normalizing the distributions, 
tightening the standard deviations, and slightly lowering the means appears complex and 
beyond the author's present statistical capabilities. However, it is believed to be the next 
major step in this area of work. 
At the present time, with the current knowledge gained in these studies, the 
suggestion of a racing greyhound population normal level of 33 ppm would seem appropriate 
(based on the mean and 4 standard deviations). Logically, though, this number seems 
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absurdly high, due to the outlying values previously discussed. Any normalization of these 
distributions due to removal of these outlying values would have little effect on the overall 
mean, but a large effect on the standard deviations. It is believed then that the mean would 
remain around 1 ppm and the standard deviation would approach 1-2 ppm, leading to a 
population normal level of 5-10 ppm. Currently, one Iowa track determines levels of 2 ppm 
and above to represent exogenous use ofDMSO. This value based on previous information 
and intuitive extrapolation approaches the values arrived at with the present research quite 
closely. 
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SUMMARY 
This study examined natural urinary levels of DMSO associated with greyhounds of 
the pari-mutuel racing community. It began with a comparison of methods used to extract 
DMSO from its aqueous urine matrix-headspace analysis, solid phase microextraction, and 
liquid-liquid extraction. Headspace analysis and SPME were found to be less than adequate 
in quantitating the DMSO levels being examined (50-2400 ppb). Two variations ofliquid-
liquid extraction (sodium chloride and potassium pyrophosphate salt-out) were found to work 
quite well in this endeavor. Due primarily to time requirements, the potassium 
pyrophosphate method was chosen to extract all DMSO urine samples used in this study. It 
displayed almost 100% yield for concentrations greater than 50 ppb DMSO in water. This 
method led to highly reproducible results, as shown by tight standard deviations and low 
coefficients of variation. The importance of the deuterated standard in this tight 
reproducibility should also be noted. The effect it had on equalizing sample analysis despite 
extraction and detection losses formed the backbone of this study. 
This extraction method was then used in combination with a GC/MS to analyze the 
level of DMSO in the urine samples from three populations of racing greyhounds 
representing two jurisdictions within the United States and one jurisdiction outside the 
United States, as well as one population of Iowa State University Racing Chemistry 
laboratory research dogs. The laboratory dogs, represented by 77 samples, showed a mean of 
338 ± 546 ppb. Dogs from Track A, represented by 310 samples, showed a mean of 62.1 ± 
107 ppb. Those from Track B, represented by 144 samples, showed a mean of 4, 160 ± 
16,000 ppb. Dogs from Track C, represented by 89 samples, showed a mean of 736 ± 2,116 
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ppb. The overall mean representing all four populations was 1,140 ± 7,920 ppb. The three 
populations analyzed were made up of samples collected from actual racing animals. The 
trouble with this set-up is that although this study focused on the natural amounts of DMSO 
present, some of these dogs may have been dosed either therapeutically or nefariously with 
DMSO prior to sample collection. The resulting distribution of concentrations was therefore 
skewed to the right. The removal of high level values suspected to represent dosed dogs may 
have been able to normalize the distribution. Three different statisticians were approached 
for ideas about how to deal with this phenomenon. Each proposed a different course of 
action. For this reason, the information is being presented prior to any transformation 
analysis. 
In the preliminary study of blank urine collected from research animals, it was 
discovered that the predicted relatively static level of urinary DMSO was actually quite 
variable over time in some dogs. It displays a type of diurnal variation. Whether this is due 
to specific feeding habits or gender influences, such as hormonal changes, is a topic for 
future research. These gender differences also call attention to the four sub-populations 
racing at a track-males, females, spayed females, and neutered males-and the effect each 
would have on a population normal level. 
Needless to say, a specific population normal level of urinary DMSO in the racing 
greyhound was not determined. Still, the data collected in this study will be quite useful in 
continuing the search. 
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SECTION 2. CORTISOL 
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INTRODUCTION 
Cortisol is the most physiologically active and most abundant glucocorticoid secreted 
by the adrenal cortex. Thus, like DMSO, it too is found endogenously in dogs and horses of 
the racing industry. Therapeutically cortisol provides anti-inflammatory relief and 
immunosuppresent activity. For these reasons, it is often used to relieve the pain and 
discomfort a racing animal may be experiencing. This may artificially alter an animal's 
performance. 
As in the previous DMSO study, a natural population normal level needs to be 
established in order to positively identify exogenous abuse of the cortisol. Of the many 
methods used to detect cortisol in dog urine, one of the most recent uses atmospheric 
pressure chemical ionization liquid chromatography/mass spectrometry (APCI LC/MS). 
This method has been compared to that of GC/MS and has been found to be just as accurate 
and simpler to carry out (Samuels et al., 1994). Another method used to quantitate free 
cortisol in urine is that of fluorescence polarization immunoassay (FPIA). This is an 
extremely simple technique with minimal time requirements. Unfortunately, urine also 
contains many components that cross-react with the immunoassay test, leading to less than 
accurate readings. 
This study looked at APCI LC/MS and FPIA in the quantitation of urinary free 
cortisol with the hope of finding a correlation factor between the two methods. If discovered, 
this factor would allow the speed and simplicity of FPIA to be used with the certainty of 
APCI LC/MS. This would be an important factor in the steps leading to the discovery of a 
population normal level for urinary free cortisol in the racing greyhound. 
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LITERATURE REVIEW 
Natural Production and Re1:ulation 
The adrenal glands, located just above the kidneys, are necessary for normal life in 
many animals. They are responsible for secreting the three groups of corticosteroids: 
glucocorticoids, mineralocorticoids, and the adrenal sex hormones. The glucocorticoids 
affect protein and carbohydrate metabolism and have powerful anti-inflammatory effects 
(Hill et al., 1982). Cortisol is a member of this group of steroids and it is the major 
glucocorticoid secreted by the adrenal cortex, as well as the most physiologically active 
(Ratliff and Hall, 1973). It has a chemical formula of C21H300 5, a molecular weight of 
362.47, and a melting point of 217-220°C. Cortisol contains the basic four ring structure of 
all the adrenocortical steroids (Figure 25). It is also known as hydrocortisone and compound 
F (Merck Index, 1996). Increased adrenocorticotropic hormone (ACTH, corticotropin) levels 
prompt the adrenals to secrete more cortisol, which in turn convinces the pituitary to drop 
ACTH production down in a type of negative feedback loop (TDx1TDxFLx 1996). 
Measurement 
The plasma cortisol concentration is regulated primarily by its secretion and its 
metabolic clearance rate (Messerli et al., 1976). A small portion of this concentration is 
excreted via the urine in the unconjugated (free) state. This urinary fraction increases or 
decreases directly with adrenal output, thus it is thought to be a good measure of the plasma 
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Figure 25. Cortisol 
free cortisol concentration (Ratliff and Hall, 1973). What is being measured is actually 6B-
hydroxycortisol, the major metabolite of cortisol in urine, constituting about 1 % of the total 
daily cortisol secretion (Nakamura and Y akata, 1985). Urinary free cortisol is also the most 
reliable single index of adrenocorticoid disorders (SchoneshOfer et al., 1980). This is 
because: 
1) It provides a measure of the level of unbound plasma cortisol. If there is 
overproduction, cortisol binding globulin becomes saturated, and the unbound plasma 
and urinary cortisol levels increase. 
2) It detects true cortisol overproduction, in comparison to an increased rate of 
cortisol metabolism leading to increased cortisol production. Thus, it can 
differentiate between Cushing's Syndrome and other conditions that increase cortisol 
metabolites (i.e. obesity, hyperthyroidism). 
3) It can calculate cortisol secretion during a 24 hour period while remaining 
unaffected by the diurnal variation in plasma cortisol levels. 
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4) It is used to distinguish between Cushing's disease and adrenal tumors or 
ectopic ACTH syndrome (TDx/TDxFLx , 1996). 
Measurements of the urinary free cortisol are used to directly monitor adrenal status and 
indirectly monitor pituitary status. Elevated levels may be due to adrenal, pituitary, or 
ectopic ACTH-producing tumors, while decreased levels may indicate defects in the 
metabolic path of cortisol biosynthesis, or generalized adrenal hypofunction. These cortisol 
measurements are often performed along with certain challenge tests (dexamethasone 
suppression test, ACTH stimulation test, insulin challenge test) to monitor the regulation of 
the hypothalamic-pituitary-adrenal system. The results can then be used to diagnose 
Cushing's Syndrome (cortisol overproduction) or Addison's Disease (cortisol 
underproduction) (TDxlTDxFLx, 1996). 
It is difficult to measure the amount of cortisol in the body because it is a small 
molecule, present in low concentrations (ng/mL) in body fluids, and it is structurally similar 
to many other steroids (Johnston and Mather, 1978). Cortisol is usually present in a much 
greater amount than corticosterone, so combined measurements (involving a ratio between 
the two) are often used to approximate the true cortisol levels. In the horse adrenals, cortisol 
and corticosterone are normally secreted in a ratio of seven to one. Yet, a horse given a large 
dose of cortisol shows decreased ACTH production followed by suppressed cortisol and 
corticosterone production. This results in a larger ratio of cortisol to corticosterone (Irvine et 
al., 1989). In this way, cortisol administration should be detectable by measuring the urinary 
concentrations of these two constituents. Saliva cortisol is also closely related to the level of 
plasma free cortisol. 
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Diurnal Variation 
The glucocorticoid plasma levels in many animals exhibit a circadian rhythm (Stull 
and Rodiek, 1988; TDxffDxFLx, 1996). They seem to be highest when the animal is awake 
and lowest when the animal is at rest. For this reason it is thought that levels may depend on 
a sleep-wake or light-dark transition or maybe both (Frantz et al. , 1961 ). Thus, in horses and 
dogs, levels are significantly increased in the morning and decrease by about half toward 
evening. Levels may increase due to a number of stimuli including pregnancy, estrogen 
treatment, severe stress, exercise, isolation stress, induction of hypoglycemia, surgery, and 
sexual activity (Colborn et al., 1991; TDxffDxFLx 1996). 
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Synthetic Cortisol 
Synthetic analogues of cortisol have been developed for more potent effects. Many 
of these (i.e. dexamethasone) are long-acting, and widely used in the treatment of equine 
disorders such as allergic, cutaneous, circulatory, intestinal, and musculoskeletal diseases. 
They promote euphoria and are mild stimulants. Following regular treatment, withdrawal of 
therapy could result in acute adrenocorticoid insufficiency known as steroid let-down, 
common in many racehorses (MacHarg et al., 1985). 
Rea:ulation 
Attempts have been made to limit cortisol use in the racehorse. In Sweden, the 
glucocorticoids can only be given therapeutically a minimum of fourteen days before the 
race, no later (Larsson et al., 1979). As of 1990 there existed threshold levels of four 
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prohibited substances in horse racing: arsenic, salicylic acid, theobromine, and 
nortestosterone (Ralston et al., 1988). A threshold level of 1 ppm was proposed for urinary 
cortisol in horses by Ralston et al. (1988, 1990). This level has been agreed upon by the 
Trotting Association of Western Australia, among others. 
Properties 
Electrolyte and Water Regulation 
The corticosteroids have a number of physiological functions leading to the many 
effects for which they are used to achieve. Some of these functions for which cortisol is 
responsible include the regulation of carbohydrate metabolism and electrolyte and water 
distribution (TDx/TDxFLx, 1996). This action has significant effects on the sodium and 
potassium balance, retaining sodium and water, while excreting potassium, leading to 
hypokalaemic, hypochloraemic alkalosis. Additional potassium loss will occur as a result of 
tissue protein catabolism freeing intracellular potassium (Egan, 1977). 
Anti-inflammatory Effects 
Another property of cortisol is its anti-inflammatory effects. The precise mechanism 
by which this works is unknown, but the initial action of most steroid hormones is thought to 
be new protein synthesis. In the horse, natural corticosteroids proceed from the adrenal gland 
through the blood to target tissues in which they enter individual cells. They then bind to 
specific receptor proteins and induce new protein synthesis (Tobin, 1981 ). These steroids 
also are connected to many enzyme systems, demonstrated by a large loss in activity of these 
systems following an adrenalectomy (Egan, 1977). Over the years, drug companies have 
selectively altered the cortisol molecule to get analogues with greater anti-inflammatory 
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effects and less water retention. One of these analogues, flumethasone, is 700 times more 
potent an anti-inflammatory agent with no effect on water or sodium metabolism. Synthetic 
corticosteroids induce anti-inflammatory effects locally if injected locally, and induce them 
throughout the whole animal if injected systemically (Tobin, 1981 ). Cortisol is used as the 
standard when comparing the anti-inflammatory and water retention activities of the 
corticosteroids (Egan, 1977). Cortisol is also known to be an immunosuppressant 
(TDx!TDxFLx, 1996). 
Disease Therapy 
The use of these steroids as a therapeutic approach to many disease conditions in 
animals is well established. Large quantities are produced for use in human and animal 
production by extracting a precursor from plants and converting it to the biologically active 
substance via incubation with microorganisms. They are used for a variety of conditions 
requiring short and long term therapy in dogs. These conditions include arthritis, dermatitis, 
eczema, and ocular inflammation (Egan, 1977). They have been shown to improve the 
racing performance of horses through reduction of inflammation, increasing the availability 
of glucose, and inducing euphoria (Irvine et al., 1988). Also, hypoglycemia can be corrected 
with adrenocortical extracts (Egan, 1977). 
Analysis 
In attempting to establish baseline cortisol levels in dogs, horses, and other diurnal 
animals, many researchers have focused on the mean plasma levels present during the 
morning hours (peak concentration times). The ranges are frequently large and may be due 
to differences in sex, age, or species, but others disagree. In dogs, the mean plasma cortisol 
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level lies between 15-30 ng/mL (Chen et al., 1978; Garnier et al., 1990; Johnston and 
Mather, 1978; Kemppainen et al., 1989; Kuipers et al., 1958; Peterson et al., 1986; Steinetz 
et al., 1973; Willard et al., 1987). In horses, it is in the range of 50-190 ng/mL(Hoffsis et al. , 
1970; James et al., 1970; Peterson et al., 1986; Ralston et al., 1988, 1990; Stull and Rodiek, 
1988). 
The primary ways by which urinary cortisol is measured include competitive protein 
binding techniques(i.e. enzyme linked immunosorbent assay (ELISA), radioimmunoassay 
(RIA), flourescence polarization immunoassay (FPIA)) and high performance liquid 
chromatography (HPLC). Sometimes these two techniques are used in tandem. Samples can 
be analyzed either with or without prior extraction techniques. The extraction process may 
involve Sep-Pak C 18 cartridges or methylene chloride with aqueous and alkaline washes 
(Diamandis and D'Costa, 1988). 
Competitive Protein Binding Techniques 
Competitive protein binding techniques (CPB) include a wide range of tests that can 
be performed. The most popular in analyzing for cortisol is the radioimmunoassay (RIA). It 
is primarily designed for serum cortisol, but it can be used to determine urinary 
concentrations as well (Diamandis and D'Costa, 1988). This is a sensitive and precise 
method. ELISA is another example in this group of tests. It has been utilized in determining 
levels in the plasma of sheep and humans, as well as in measuring post-race urine samples of 
free cortisol in horses (Ford et al., 1990; Irvine et al., 1988). It is simple, inexpensive, rapid, 
reliable, and agrees well with RIA results (Lewis and Elder, 1985). Fluorometric CPB 
methods have also been used to assess cortisol concentrations (Johnston and Mather, 1978). 
This is because certain corticosteroids exhibit significant fluorescence in the presence of 
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sulfuric acid, and cortisol happens to be one of these (intense green fluorescence) (Ratliff and 
Hall, 1973). Unfortunately, urine is a complex matrix filled with many cross reacting 
substances that tend to make CPB techniques generally non-specific (Johnston and Mather, 
1978; Nilsson, 1983; Park et al., 1990; Ralston et al., 1990). This may cause quantitative 
cortisol determination to be inexact due to cross reaction with other endogenous steroids. 
These methods also show poor reproducibility. CPB techniques tend to be a little more 
accurate with the use of preliminary extraction of the compounds (Johnston and Mather, 
1978). 
One of the quantitative methods evaluated in this study is fluorescence polarization 
immunoassay (FPIA). This method involves focusing a plane of polarized blue light on a 
sample. This light energy excites tracer molecules (fluorophores) added to the sample, which 
return to a relaxed state by emitting green light. If the fluorophore is bound to an antibody 
molecule, the green light emitted is in the same plane as the blue light used to excite it, 
retaining polarization. If the fluorophore is unbound, it is rotating rapidly, thus the green 
light emitted is in a different plane than the original blue light. In this instance, polarization 
is not retained. The tracer molecules are added to the sample in order to compete with the 
normal antigen molecules already present (i.e. cortisol) for antibody (also added). A large 
amount of cortisol in the sample corresponds to less tracer-bound antibody and less 
polarization (TDx System Operation Manual, 1993). In this fashion, the relative amounts of 
cortisol present in the urine samples can be measured (Figure 26). 
High Pressure Liquid Chromatography and HPLC/ Mass Spectrometry 
HPLC seems to be a much better quantitative method than CPB. It can identify 
concentrations two to three times lower than RIA (Diamandis and D'Costa, 1988). 
Analyte 
A nalyte-Tracer 
I 
I'----~ 
Antibody 
98 
Analytical Analyte-Tracer compete for binding sites 
~I 
Polarization 
Retained 
Antigen-Tracer Bound to Antibody 
Results in Increased Polarized Light 
Polarization Lost 
Unbound Antigen-Tracer 
Results in Decreased Polarized Light 
Figure 26. Fluorescence polarization immunoassay (Abbott, 1994). Analytes within the 
body compete with added labeled analyte for added antibody binding 
positions. Increased amounts of free labeled analyte (due to a large amount 
of natural analyte already present in the body) results in loss of light 
polarization. Less polarization, therefore corresponds to a larger 
concentration of analyte already in the body-( natural-cortisol). 
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Derivitization is not required and simultaneous determination of cortisol and its analogs is 
efficient, precise, sensitive, and selective (Park et al., 1990; Rose and Jusko, 1979). UV 
detection is used primarily at 242 and 254 nm (Nakamura and Y akata, 1985). Initial HPLC 
has been utilized to separate interfering compounds prior to RIA analysis (Diamandis and 
D'Costa, 1988). LC/MS offers highly specific detection of corticosteroids in biological 
extracts (Park et al., 1990). Following solid phase extraction, reversed phase HPLC/UV 
effectively analyzed corticosteroids as low as 0.5 ng/mL in normal human saliva (Wade and 
Haegele, 1991 ). 
A relatively new variation of this method is atmospheric pressure chemical ionization 
(APCI) LC/MS. With this technique, the liquid mobile phase from the HPLC is converted to 
an aerosol, then to a gas when it reaches the heated nebulizer probe. Ions produced at the 
corona discharge pin react with the mobile phase gas molecules to yield stable reagent ions. 
Upon encountering these reagent ions, sample analyte molecules that entered with the mobile 
phase molecules are protonated or deprotonated. The sample and reagent ions are then 
detected and identified (Fisons, 1994). A format for quantitating hydrocortisone in urine 
using solid phase extraction followed by APCI LC/MS was developed by the staff of the 
Horseracing Forensic Lab (HFL) in England. When compared to the GC/MS method for 
hydrocortisone, APCI LC/MS was found to be equally sensitive, yet also simpler to carry out 
(Samuels et al., 1994). This method was also evaluated in this study. 
Gas Chromatography/Mass Spectrometry 
Many analysts believe that cortisol assays should be validated against an absolute 
method such as GC/MS (Ralston et al., 1990). Unfortunately, this method is not practical 
because of the low volatility and thermal instability of corticosteroids (Skrabalak et al., 
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1984). The derivitization required is also very time consuming and it can yield several 
derivitives, with a lessened detectability for any one. It has been used, though, and it was 
found that chemical ionization was more sensitive than the electron impact method when 
both were used in single ion monitoring mode (Singh et al., 1989). 
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EXPERIMENTAL 
Instrumentation and Materials 
TDx Analyzer 
An Abbott No. 9520 TDx Analyzer System was used to run all samples by 
Fluorescence Polarization Immunoassay (FPIA). Sample cartridges, cuvettes, buffer, cortisol 
reagent packs, and controls were supplied by Abbott Laboratories (Abbott Park, IL). 
Urine Analysis by APCI LC/MS 
Two hundred and seventy-eight urine samples taken from post-race greyhounds in a 
jurisdiction outside the United States were analyzed by APCI LC/MS for their free urinary 
hydrocortisone levels. This analysis was run according to the procedure outlined in Samuels 
et al. (1994) by a group at the HFL in England. 
Urine Analysis by FPIA 
The same 278 samples mentioned above were sent to the ISU Racing Chemistry lab 
and analyzed by FPIA using an Abbott TDx analyzer system. All samples had been received 
by mail in a cold, but not frozen state. They were immediately transferred to a -20° C freezer 
for storage prior to analysis. 
The TDx Analyzer was calibrated using a series of six company supplied calibrators 
containing 0, 2.5, 5, 10, 25, and 60 µg/dL cortisol. Monthly maintenance included a pi pet 
check, temperature check, and syringe cleaning. Weekly maintenance included a photo 
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check, air filter cleaning, and a dispenser water wash. The probe was inspected and cleaned 
with millipore-filtered water daily. 
Samples were removed in sets of 30 from the -20° C freezer and allowed to thaw in a 
refrigerator overnight. To begin, a 20 sample carrousel tray was fitted with cuvettes and 
sample cartridges which were then locked in place. Three cortisol controls (low, medium, 
high) purchased from Abbott, were added by micropipette to consecutive cartridges. Blank 
urine was also added to a cartridge, and 16 sample urines filled the rest of the cartridges. All 
samples and the blank urine were vortexed prior to transfer. Refrigerated controls were 
inverted multiple times before transfer. All were added in volumes of 75-80 µL. If the 
controls read within the ranges specified, more runs could take place. These following runs 
would contain only one control (low, medium, or high), along with a blank and 18 samples. 
All samples were run in duplicate. The TDx develops its own standard curve from the 
standards run, and it calculates sample concentration using this curve. 
Samples reading higher than the highest standard (60 µg/dL) and those with 
background level intensity greater than 5000, were diluted 1 :2 or 1 :3 with X SYSTEMS 
Dilution Buffer and reanalyzed. 
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RESULTS AND DISCUSSION 
Urine Analysis Data 
All APCI LC/MS sample analysis was performed in England by the HFL. Data was 
sent to the ISU Racing Chemistry lab by facsimile. Both the APCI LC/MS and FPIA raw 
data has been included in Appendix 4. The means of the two sets of FPIA data were plotted 
against the APCI LC/MS values using Microsoft Excel. A linear least squares regression line 
was fit to this data (Figure 27). The R2 regression value of this line is 0.8359. This array of 
values shows a relatively high goodness of fit to the regression line. 
This correlation provides a level of certainty that the results of one method of cortisol 
quantitation (FPIA) can be used to predict the results of another method (APCI LC/MS) 
simply by using the equation for the regression line. The estimated time involved when 
analyzing one urine sample by FPIA is approximately 1-2 minutes. In order to analyze this 
same sample once by APCI LC/MS would require the time it takes to service the machine, 
run preliminary data output checks, run standard and spike curves, and interpret the output. 
This would be along the lines of 15-30 minutes or more for a single sample. Hundreds of 
samples could be analyzed and have their cortisol value determined by FPIA in the time it 
takes APCI LC/MS to run a fraction of that amount. The discovery here of a correction 
factor between the two methods would bring the accuracy of FPIA up to scale with that of 
APCI LC/MS, saving incredible amounts of time and energy in the search for a cortisol 
population normal level in racing greyhounds. 
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Figure 27. Correlation between APCI LC/MS and FPIA extraction methods for quantitating cortisol in urine. The tight 
cluster of correlation points around the trendline strongly suggest the use of its linear equation as a correction 
factor. This equation could be applied to samples analyzed by the quick and easy FPIA method in order to 
predict the more accurate results of the more tedious LC/MS method, which has become the industry standard. 
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SUMMARY 
The correlation between FPIA and APCI LC/MS in analyzing cortisol content was 
0.8359. The majority of data points remain clustered about the least squares regression line 
with very few outlying values. This grouping suggests that FPIA can be used confidently to 
predict the level of urinary free cortisol present in samples of racing greyhound urine through 
the use of a correction factor, defining its correlation to the more accurate, yet tedious APCI 
LC/MS quantitative procedure. 
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GENERAL CONCLUSIONS AND SUGGESTIONS FOR 
FUTURE WORK 
DMSO 
The overall mean urinary DMSO concentration in four racing greyhound populations 
was found to be 1,140 ± 7,920 ppb. A specific population normal level of urinary DMSO in 
the racing greyhound, however, was not determined. 
Future studies in this area might focus again on improving the extraction methods 
used to remove DMSO from dog urine. The liquid-liquid potassiwn pyrophosphate salt-out 
extraction method showed almost perfect recovery, but it required much time, relatively large 
urine volwnes, and copious amounts of salt. Law et al. ( 1991) were able to cut down 
considerably on both the salt volume (from 10 g down to 2 g) and the amount of urine used 
(from 5 mL down to 1 mL). The unsuccessful attempt was made to utilize these lower 
volwnes, but different lab equipment and a more reliable concentration process would be 
needed. Suggestions from the Hong Kong technicians should be able to solve these minor 
problems quickly. 
The concentration of the organic liquid layer to a volume suitable for GC/MS 
detection remains the most error-prone step of the entire extraction procedure. The 
development of a more accurate method would be extremely helpful. 
The prospect of diurnal variation amongst the lab research animals should also be 
investigated. It is uncertain whether this fluctuation would have much of an effect on the 
establishment of a population normal level. Still, questions remain regarding hormonal 
influences of the different genders on urinary DMSO content and the amounts of DMSO 
regularly taken in through the diet. Also, the establishment of a ratio between DMSO and 
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another analyte present in the urine may counteract the effect dehydration has on DMSO 
concentration. This would help prove a disprove the existence of the diurnal variation 
witnessed in this research. 
The distribution of the data collected from the three racing greyhound populations 
needs to be normalized through a more complicated statistical analysis. This would decrease 
the effect samples resulting from exogenous DMSO use would have on the overall mean and 
standard deviation derived from the total set of samples tested. 
Cortisol 
This study focused on the suggestion that a relatively quick and easy method (FPIA) 
for quantitating the level of cortisol in racing greyhound urine could be used to predict the 
results of a much more accurate, yet tedious method (APCI LC/MS). With the discovery in 
this study of a probable correlation (0.8359) between these two methods, further testing 
involving a larger sample population would be expected. This would include a more in-
depth look at the true spread of data points surrounding a least squares regression line, and 
the amount of error this spread represents. 
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APPENDIX 1. 
DMSO LIQUID-LIQUID SODIUM CHLORIDE SALT-OUT 
EXTRACTION PROCEDURE 
1. To a clean test tube add 2 mL water for a blank or 2 mL urine for the spikes and 
samples. 
2. Add the appropriate amounts of both DMSO and deuterated DMSO to each sample, 
and only deuterated DMSO to each spike. 
3. Using a small scoop and funnel, add lg of NaCl to each tube. 
4. Mix at low speed on a rotary mixer for 5 minutes. 
5. Add 4 mL methylene chloride to each tube and mix on the rotary mixer for 5 minutes. 
6. Centrifuge for 15 minutes at 2000 rpm. 
7. Transfer the bottom methylene chloride layer into a disposable glass tube. 
8. Concentrate each sample to 200 µL under a stream of nitrogen without heat using a 
Turbo-Vap. 
9. Add to a GC injection vial and crimp close the cap. 
*This method was adopted from the Racing Chemistry Lab, Veterinary Diagnostic Lab, Iowa 
State University. 
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APPENDIX 2. 
DMSO LIQUID-LIQUID POTASSIUM PYROPHOSPHATE SALT-OUT 
EXTRACTION PROCEDURE 
1. To a clean test tube add 5 mL of water for blank and spikes, or urine for samples. 
2. Add appropriate amounts ofDMSO and deuterated DMSO to the spikes, and only 
deuterated DMSO to the samples. 
3. Using a scoop and funnel, add 10 g of Potassiwn Pyrophosphate to each tube. 
4. Vortex, then mix at low speed on a rotary mixer for 5 minutes. 
5. Coo 1 in a water bath. 
6. Add 2 mL of ethyl acetate, then mix on rotary mixer for 5 minutes. 
7. Centrifuge for 3 minutes at 3000 rpm. 
8. Transfer the ethyl acetate layer (top) into a disposable glass tube. 
9. Concentrate each sample to 200 µL under a stream of nitrogen without heat using a 
Turbo-Vap. 
10. Add to a GC injection vial and crimp close the cap. 
*This method was adopted and altered slightly from that found in Law et al.( 1990). 
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APPENDIX 3. 
LC/MS HYDROCORTISONE QUANTIFICATION EXTRACTION 
METHOD 
I. The pH of 5 mL of urine is adjusted to 9.5. 
2. An internal deuterated hydrocortisone standard is added. 
3. A Silica Sep Pak is conditioned with ethyl acetate (EtOAc):dichloroethane (DCE) 
(1:1 ; 5 mL). 
4. Chem-Elut, Sodium Sulfate, and Silica Sep Pak cartridges are connected in tandem. 
5. The urine sample is applied to the Chem-Elut column with 10 mL DCM. 
6. The Chem-Elut cartridge is discarded and the sodium sulfate and Sep Pak cartridges 
are washed with EtOAc:DCE (1:1; 1.5 mL). 
7. The sodium sulfate cartridge is discarded and the Sep Pak cartridge is washed with 
EtOAc:EtOH (9:1; 3 mL). 
8. The solvent is removed and the residue is dissolved in the HPLC mobile phase. 
*This method can be found in Samuels et al. (1994). 
Random # dogs 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
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APPENDIX 4. 
RAW CORTISOL DAT A 
FPIA mean data (ppb) 
227 
51.8 
69.3 
67.1 
72.9 
46.2 
115.5 
48.2 
67.05 
292.5 
76.15 
86.95 
86.35 
52.85 
81 .7 
127.5 
59.1 
70.85 
188.5 
18.65 
83.35 
59.6 
170.5 
330.5 
75.5 
20.25 
56.85 
155.5 
90.9 
105.5 
122.5 
92.05 
108 
129.5 
102.9 
109 
28.1 
240 
235.5 
APCI LC/MS data (ppb) 
84 
11 .37 
7 .76 
7.17 
9.92 
1.12 
14.99 
11.06 
32.29 
90.79 
19 
17.75 
26.41 
20.5 
16.49 
60.06 
12.8 
27.45 
40.64 
0 .06 
17.18 
12.37 
24.13 
98.58 
12.24 
3.78 
21 .82 
49.56 
26.68 
22.2 
36.42 
34.76 
23.25 
35.35 
13.17 
23.89 
11.56 
41 .5 
54.42 
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40 124.5 37.43 
41 419.5 90.01 
42 57.7 24.76 
43 354.5 81 .29 
44 100.05 32.07 
45 32.05 16.43 
46 41 13.1 
47 87.45 28.73 
48 120.5 28.71 
49 261 81.77 
50 236.5 73.53 
51 39.8 1.22 
52 97.25 11 .06 
53 118 16.16 
54 34.25 13.64 
55 79.75 2.97 
56 7.95 0 
57 2.9 0 
58 98.6 22.91 
59 139 16.87 
60 56.8 16.08 
61 107.5 28.75 
62 188.5 44.84 
63 166 16.22 
64 215 45. 13 
65 3.3 0 
66 249 92.66 
67 0 0 
68 100.45 18.99 
69 129 33.54 
70 348 102.15 
71 99 14.08 
72 157 26.87 
73 84.75 7.58 
74 193.4 47.64 
75 171.5 22.22 
76 89.6 22.67 
77 269.5 74.45 
78 105.5 28.46 
79 73.55 12.74 
80 199.5 49.1 
81 129.5 36.1 
82 85.9 16.24 
83 99.2 22.24 
84 194.5 64.51 
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85 66.75 24.92 
86 146.5 55.3 
87 96.9 24.14 
88 125 6.41 
89 206 39.57 
90 38.5 8.14 
91 19.65 2.48 
92 120.5 96.16 
93 129 15.49 
94 240.5 52.48 
95 27.3 11.87 
96 304 116.72 
97 43.45 8.35 
98 21 7.66 
99 105.5 27.35 
100 187.5 43.49 
101 18.75 0 
102 119.5 20.57 
103 28.5 0 
104 82.9 17.39 
105 36.65 2.18 
106 116.2 24.01 
107 54.95 11.27 
108 168 50.99 
109 103.4 18.79 
110 109.5 31.97 
111 203.15 39.75 
112 96.75 21.03 
113 649.5 265.3 
114 86.55 27.73 
115 160.9 39.38 
116 422.45 122.91 
117 83.35 25.05 
118 88.25 88.88 
119 74.7 38.24 
120 107.95 43.12 
121 126.2 44.31 
122 48.85 12.5 
123 686 290.74 
124 28.4 27.6 
125 122.15 38.63 
126 162.5 62.66 
127 65.75 13.41 
128 86.6 27.01 
129 215.4 76.32 
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130 46.05 5.4 
131 79.25 27.52 
132 188.95 75.29 
133 115.3 37.75 
134 213.5 13.52 
135 123.25 31 .57 
136 170.95 73.38 
137 91.05 23.78 
138 26.65 6.93 
139 122.35 23.78 
140 18.75 7.89 
141 7.9 0.64 
142 217.85 64.98 
143 11 0.25 
144 79.1 17.15 
145 303.55 98.95 
146 49.35 5.4 
147 39.45 0 
148 109 13.13 
149 92.9 0.16 
150 238.2 74.79 
151 100 20.92 
152 54.55 14.37 
153 97.1 15.92 
154 120 24.88 
155 204.75 48.54 
156 152.5 39.82 
157 187.45 27.71 
158 73.3 21.32 
159 47.8 8.37 
160 78.9 27.45 
161 68.5 21 .15 
162 288.8 120.48 
163 73.35 14.26 
164 62.15 11.57 
165 32.1 7.05 
166 50.65 15.02 
167 139.15 23.96 
168 75.75 26.67 
169 24.75 5.11 
170 109.5 24.83 
171 158 37.64 
172 97.9 15.28 
173 82.45 14.44 
174 183.6 40.95 
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175 70 18.42 
176 78.9 17.88 
177 87.05 15.9 
178 47.6 16.13 
179 167.9 31 .73 
180 183.2 72.36 
181 189.95 49.34 
182 184.3 25 .11 
183 79.4 20.48 
184 20.5 0.72 
185 95.35 19.67 
186 270.65 39.78 
187 24.3 3.59 
188 81.45 22.3 
189 32.15 16.61 
190 131 .5 35.95 
191 39.6 11 .6 
192 5.8 0 
193 67.7 18.82 
194 189.5 80.57 
195 23.7 1.36 
196 37.6 4 .99 
197 22.55 11 .87 
198 253.5 52.61 
199 2.05 0 
200 104.5 24.12 
201 94.65 8.55 
202 79.85 17.43 
203 44.4 13.49 
204 106.5 21.69 
205 65.75 24.57 
206 372.5 130.11 
207 331 95 .44 
208 77.8 17.2 
209 34.5 8.22 
210 58.55 14.35 
211 12.85 2.82 
212 6.3 0 
213 35.8 7.13 
214 35.4 7.44 
215 1.2 0 
216 38.55 13.31 
217 502 117.14 
218 188 69.15 
219 345.5 90.49 
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220 128 41.37 
221 153.5 48.95 
222 49.45 5.9 
223 139.5 39.31 
224 276.5 64.04 
225 163.5 45.57 
226 569 195.31 
227 41.65 8.28 
228 186.6 39.71 
229 58.45 14.43 
230 415 108.79 
231 68.25 14.97 
232 160.6 63.54 
233 9.4 6.16 
234 226.05 65.55 
235 21.45 7.27 
236 48.85 10.59 
237 63.85 23.99 
238 79.2 22.88 
239 308 56.71 
240 41.3 23.36 
241 83.2 17.7 
242 40.9 7.3 
243 238 99.97 
244 194.5 50.52 
245 70.5 5.79 
246 308 122.3 
247 60.9 6 .31 
248 110 33.21 
249 25.6 9.01 
250 119.5 39.18 
251 105.5 27.73 
252 789.5 189.88 
253 182 30.73 
254 54.35 13.03 
255 12.6 2 .18 
256 125 39.04 
257 21.05 2.42 
258 50.8 14.75 
259 453 97.65 
260 91.4 22.02 
261 221 48.52 
262 99.4 34.43 
263 88.65 32.72 
264 55.45 11 .8 
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265 91 .85 29.11 
266 110.5 36.84 
267 114.5 29.19 
268 182 24.39 
269 101 .95 27.36 
270 91 .6 25.72 
271 76.05 11 .57 
272 233.75 74.07 
273 187 47.06 
274 178.5 54 
275 49.3 16.13 
276 43.15 7.31 
277 99.65 29.67 
278 277.35 92.65 
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